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BBepeHue

MeTogmnyeckoe nocobme CocTaBneHO B COOTBETCTBUM C paboyer nporpaMmmon y4ebHon
avcumnnnibl OOO.11 «Pusnkay.

Pabo4yenn nporpammon y4yebHOM AUCUMNIMHBI  Ha nabopaTopHble  3aHATUS
npegycMmoTpeHo 34 yaca.

Llenbto npoBeaeHnsa nabopaTtopHbIX 3aHATUN SBMSIETCA:

- 3aKpenseHne TeopeTUyeckux 3HaHU 1 npuobpeTeHne HeoBXOANMbIX MPaKTUYECKUX
HaBbIKOB M YMEHUIN NO OTAENbHLIM TEMaM Kypca.

Hapsgy ¢ ¢popmmpoBaHMemM ymMeHU 1 HaBbIKOB B Npouecce nabopaTopHbIX 3aHATUN
0006LatTCs, CUCTEMATU3UPYIOTCH, KOHKPETU3UPYKOTCA U YrnybnsawTca TeopeTuyeckme
3HaHuSA, BblpabaTbiBaeTCca CNOCOBHOCTb U YMEHNE UCMONb30BaTh TEOPETUYECKNE 3HAHNA Ha
npakTuKe, pa3BMBalOTCA UHTENNEKTyarbHbIe YMEHUS.

BbinonHeHne nabopaTopHbIX 3aHATUI CNOCOOCTBYET:

1. 'mybokomy 1 oco3HaHHOMY YyCBOEHUIO MaTepuana.

2. [lpnobpeTeHuto oby4varoWmMMMCA MPaKTUYECKUX YMEHWA N HaBbIKOB paboTbl C
nabopaTtopHbiM 060pyaOBaHNEM.

3. DopmMMpPOBaHMIO YMEHNA NPUMEHSATL MOSMTyYEeHHbIE 3HAHUSA Ha NPaKTUKe.

4. BblpaboTke npodeccuoHanbHO 3HAYMMbIX KadeCTB, KaK CaMOCTOSTENbHOCTb,
OTBETCTBEHHOCTb, TBOpYECKas UHULNATUBA.

5. Passutuio nHTepeca K pusmke.

B pesynbTaTte BbINOMHEHUA NabopaTopHbIX 3aHATUN Yy OBy4varowmxcs opMUpYTCS
3ANIEMEHTbI CreayLwwmx obLmMx KOMNeTEHLNIA:

OK 01. BbibupaTtbe cnocobbl pelieHuss 3agady npodecCuoHanbHOW OeSATENbHOCTH,
NPUMEHUTESNBHO K Pa3fIMYHbIM KOHTEKCTaM;

OK 02. Wcnonb3oBaTb COBpeMeEHHble CpefCcTBa MOUCKa, aHanuM3a U MHTepnpeTauum
MHOpMaLUKN U MHGPOPMALMOHHBLIE TEXHOOMMK ANSA BbIMNOHEHNSA 3a4a4 Npod)eCcCnoHanbHON
AeATerIbHOCTN.

OK 03. MnanupoBatb K peanu3oBbiBaTb COBCTBEHHOE NpPOdEeCcCUOHanbHoe U
NNYHOCTHOE pa3BuTUe, NpeanpuHUMaTENbCKYO AeATEeNbHOCTbL B NpodyeccroHansHomn cgepe,
NCNonb30BaTh 3HAHMS MO NPaBOBON U (PUHAHCOBOW FPAMOTHOCTU B Pa3fIMYHbIX XU3HEHHbIX
cuTyaumnsax.

OK 04. 3dhdhekTnBHO B3ammogencTBoBaTtb U paboTaTb B KONNEKTUBE N KOMaHAE

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
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OK 05. OcyulectBnATb YCTHYHO U MUCbMEHHYIO KOMMYHUKALMIO Ha rocyaapCTBEHHOM
Aa3blke Poccuiickon ®depepaumm ¢ y4eToM OCOBEHHOCTEN COUMAnNbHOMO M KynbTYPHOro
KOHTEKCTa.

OK 07 CopencresoBaTb COXPaHEHUIO OKpYyXalLen cpenbl, pecypcocbepexeHuto,
NPUMEHATb 3HaAHUA 006 W3MEHeHUM Knumata, NpPUHUUNBLI GepexnuBoro npov3BOACTBA,
a(peKkTUBHO AEeNCTBOBATb B Ype3BblHaNUHbIX CUTYaLNAX.

Mpn noaroToBke K BbINOMHEHUIO paboTbl cneayerT:

MpopaboTaTb COOTBETCTBYOLWMI MaTepuan.

YACHUTb LieNb 3aHATUSA.

O3HakoMUTbCS C coaepXXaHNMEM U NOCNeAoBaTENbHOCTBIO MPOBEAEHUS 3aHATUS.
O3HaKkoMUTbCS C M3MepUTENbHBIMU NPUBOoPaMN U UX XapaKTEPUCTUKAMMU.

Mo BO3MOXXHOCTW 3apaHee NoAroToBUTbL Tabnuuy Ans 3anucu pesynbTaToB.

2

CoenaTb NMMCbMEHHbIN OTYET MO BbINOSHEHHOW paboTe.
MpenogaBaTtenb 06s13aH NpPOBEPUTb 3HAHUA OOy4alOLWMXCA WM TFOTOBHOCTb K
BbIMNOSTHEHWUIO 3aaHUA.

Kputepun oueHku nabopatopHbix paboT

OueHka «5» cTaBUTCs, €cnv yyalwunca BbINOMHAET paboTy B MOMHOM obbeme C
cobnogeHnem HeobGxoauMoOWM nocnenoBaTeNbHOCTU NPOBEAEHUS OMbITOB U U3MEPEHUN;
CaMOCTOATENBHO U pauUMOHaNbHO MOHTUPYET Heobxogummoe obopyaoBaHMe; BCE ONbITbI
NPOBOAMT B YCITOBUSX U peXnmMax, obecneumBaroLmx nonyyYeHne npaBuiibHbIX pe3ynbTaToB
1 BbIBOAOB; cobntogaeT TpeboBaHusa npasun 6e3onacHOCTU Tpyaa; B OTYETE NPaBUIbHO U
aKKypaTHO BbIMOMHSET BCE 3anucu, Tabnuubl, PUCYHKKN, YepTexu, rpadomkun, BbIYUCIIEHUS;
NpaBuUIIbHO BbINOMHSAET aHanM3 NOrpeLLUHOCTEN.

OueHka «4» CTaBUTCS, €CNU BbINOMHEHbI TPebOoBaHMS K OueHKe «5», HO ObIno
AonyuleHo ABa - TpyU Hego4yeTa, He Bbonee ogHOM Herpybom owmnbkn n ogHoro Hego4veTa.

OueHka «3» cTaBuTCs, ecnu paboTa BbINOMIHEHA HE MOJSIHOCTb, HO O0ObeMm
BbINOSTHEHHOWN YacTX TaKOB, MO3BOSIAET MNONYYUTb NPaBUNbHbIE Pe3yNbTaThl U BbIBOAbI: €Cnn
B XO4€e NPOBEAEHUS ONbITa U M3AMEPEHUN ObINM AONYLLEHbI OLLMOKMN.

OueHka «2» cTaBuTCs, ecnu paboTa BbINOMIHEHA HE MOJSIHOCTbIO U O6beM
BbIMONMHEHHOW YacTu paboTbl He NMO3BONSET CAeNaTb NPaBUITbHBIX BbIBOAOB: €CMNN ONbIThl,
N3MEpPEHUS, Bbl4MCNEHUS, HAbNAEHNSI MTPOU3BOANIUCE HEMPABUIBHO.

B cnyyae BbinonHeHnst paboTbl Nnapamu Unu ManbiMy rpynnamMm oueHka «3», «4» nnm
«5» MOXeT ObITb 3aMEHEeHa Ha «3a4eTy.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
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OueHka «1» cTaBUTCA B TOM cnyyae, ecnu y‘-IaLIJ,I/IIZCFl COBCEM HE BbINOJTHUI pa60Ty.
Bo Bcex cnydadax oueHKa CHUXaeTCd, ecClin He cobnoganucb Tpe6OBaHI/IFI npaBun

©es3onacHocTu rpyaa.

Pazpen 2. Tema 2.1. OCHOBbI MONEKYNAPHO-KUHETUYECKON Teopun. Tennosoe
ABWXEHUe MoneKyn.

NNabopaTopHoe 3aHATHe Ne1. U3yyeHMe oaHOro U3 nsonpoueccos

Llernb: n3yuntb 3akoH bonnsa-MapuoTTa.

UcxoOHble OaHHbIe U Mamepuarsibl: CUNbqOH, MeTanMnM4yeckun MaHomeTp.

Kpamkasi aHHomauus:

OKcnepuMeHTarnbHas yCcTaHOBKa Ans NpoBepku 3akoHa bonns-MapuoTtTa nokasaHa
Ha pucyHke. OHa cocTouT u3 cunbdoHa, NO3BONSOLLErO N3MEHATL 06bEeM rasa (Bosayxa), 1
MeTannumyeckoro maHomeTpa. CHavyana oTKkpblBaloT oba KpaHa MaHOMeTpa M C NOMOLLbHO
BUHTA CUNbGOHa pacTArMBalT UM CKUMAKOT LUMNUHAP Tak, YToObl 06beM BO3ayxa B HEM
ObIn paBeH 7,5y.e.3aTeM 3aKpbIBalOT NpaBbIi KpaH MaHOMeTpa U NPUCTYNarT K NpoBepKe
3akoHa bowuns-MapuoTTa, KoTopbin UMeeT criegytowyo dopMynMPOBKY: ANA rasa gaHHON
Maccbl Npou3BedeHe AaBneHns rasa Ha ero o6bemM NOCTOSHHO, eCnNn TeMnepaTtypa rasa He
nameHsietcsa: PV=const . Heckonbko pas megneHHO U3MeHsT obbeM Bo3gyxa B npudope
n Habnogaet 3a  nokasaHusMW  MaHOMeTpa, nMpuM  MOCTOSIHHOW  TemnepaType.
PesynbTaTbl M3MepeHui 3anucaHbl B Tabnuue rae obbem BblpaXeH B YCNOBHbIX

eaMHuLax, a fasneHuve - B atmocdepax (1 atm = 1 kr/cm? = Ma).

CodepxxaHue u rnopsidok 8bInosiHeHUs pabomsi
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1.03HakoMnTbCA ¢ OobopydoBaHWeM,  3anucatb WX  TEXHWYECKME  [aHHble.
2.  WN3aveputb  ob6beMm, pgaBneHve. Pe3ynbTatbl  3aHecTu B Tabnuuy.

3. [Mo nony4eHHbIM gaHHbLIM paccyuTaTb - PV.

O61€ém V raza OdaBneHne P lMpounsBeneHne gaBneHns Ha 06 BLEM:
PV=const
7,5 1
6,5 1,15
6,0 1,25
8,0 0,94
9,0 0,83

4. CpenaTb BbIBOA O 3aBMCUMOCTM OaBfieHMS JaHHOM MaccChbl rasa oT ero obbema npu
NOCTOAHHOM TemnepaType.
5. MocTponTtb rpadomkK 3TOM 3aBUCUMOCTM.

6. BeiBOabI No paboTe.

KOHmpOJ'IbeIe 80r1pOChI

1. Yrto HasblBalOT nsonpoueccom? Cdopmynupynte rasoBble 3aKOHb!.

2. 3apucyunte rpadumkm n3onpoLeccos?

3. 3anuwuTte | 3aKOH TepMoaHaMUKK ans pasnuYHbIX naonpoueccoB?

Kakon npouecc HasbiBaloT agnabaTtHeiM? NMpuBecTn npumepsl

Jlumepamypa:

Mskuwes, I'. A. dusmka. 10-n knacc. ba3osbii 1 yrnydneHHbIN YPoBHU @ y4ebHuk / . A.
Msaknwes, b. b. byxosues, H. H. Cotckuni ; nog pea. H. A. MNMapdeHTeeBon. — 11-e u3a.,
ctep. — Mockga : lNpoceeweHnune, 2024. — 432 c. : un. — (Knaccudeckun kypc). — ISBN
978-5-09-112178-0. - TekcT: 3MEeKTPOHHbIN.-URL:
https://znanium.ru/catalog/product/2157221 (pata obpaweHna: 21.10.2024). — Pexum

goctyna: no nognucke. (ctp.189-191).

Pasgen 2. Tema 2.2 ArperaTHble COCTOSIHUS BellecTBa
INTabopaTopHoe 3aHATHe Ne 2. OnpepeneHue BNaXXHOCTU Bo3ayXxa
Llenb: OnpeaennTb OTHOCUTENBHYHO BIIAXXHOCTb BO34yXa B KabUHeTe.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
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UcxoOHble daHHble u Mamepuarsbl: TepMoMeTp OEMOHCTPAUNOHHLIA, TEPMOMETP
nabopaTtopHbI, CTakaH C BOAOW KOMHAaTHOM  TemnepaTypbl, KyCOK  Mapnw,
rncmxomeTpuyeckasi Tabnuua.

Kpamkas aHHOomauyus:

1. Boga 3aHumaeT okosno 70,8% noBepxHOCTU 3eMHOro wapa. XXvBble opraHu3mbl
cogepxat ot 50 o 99,7% Bogbl. O6pasHO roBoOpS XMBbIE OPraHN3MbI - 3TO OAYLIEBNEHHASA
Boaa. B atmocepe HaxoauTes okono 13-15 Thic. Ky6. KM BoAbI B BUAE Kanesib, KpUCTannos
cHera v BogsaHoro napa. B cpeaHem B atmocdepe 1.24x 101°kr BogaHoro napa. U xota ero
posnto coctaenseT MeHbwe 1 % oT obuwen maccbl aTMocdepsbl, ero BAUSHWE Ha Noroay,
Knumat 3emnn, camoyyBCTBME Nogen ovYeHb BENNKO. [NaBHbI MCTOYHMK BOASHOMO napa B
aTtmocdepe - ucrnapeHue Bofbl C NOBEPXHOCTM OKEaHOB, MOPEN BOLOEMOB, BI1aXXHOM MOYBHbI,
pacTeHuit. C BoAsHbIX NPOCTOPOB 1 CyLM 3a roa ucnapsietcs cabiwe 500 000 km3Boabl, T.€.
KONMYecTBO  BOAbl, MNOYTWM  paBHOE  Konudectesy Boabl B Yé€pHOomM  Mmope.
B aTtmocdepe nog BAMAHMEM pasnnyHbIX MPOLECCOB BOASHOW Map KOHAEHCUpPYeTCH.
Mpn aTom obpasytoTcs obnaka, TymaH, ocagku, poca. Npu koHAeHcaunn Bnaru BblaenseTca
KONMMYEeCTBO TennoThbl, PaBHOE KOSIMYECTBY TENNOThbl, 3aTpadeHHOMY Ha ucnapeHue.
OTOT NPoLECC NPMBOAUT K CMAYEHUIO KNMMaTUYECKMUX YCITOBUM B XONOAHbIX panoHax.

2. Bo3gyx MOXeT ObITb CyxXOM U BRaXHbIN B 3aBMCUMOCTU OT KONMYECTBa Napos,
Haxo4sLwmxca npu AaHHOM TemnepaTtype B aTmocdepe.
ABCONoTHaA BNaXXHOCTb P MOKa3blBaeT CKOSIbKO rPaMMOB BOASHOrO napa COAEPXUTCHA B
Bo3ayxe o6bémoM 1 M3 npu [OaHHBLIX YCMoOBMSIX, T.e. MNMOTHOCTb BOAAHOrO napa,

r .
n3mMepsaemoro B —. Ons CyXaeHuna o cteneHn BJ1IaXXHOCTU BaXXHO 3HATh, Onmn3ok nunu ganéx
M

BOASHOM Nap, HaxOAsLWUNCS B BO34yXe, OT COCTOSHWUS HacblweHus. [Ons aTtoro BBOOAT
NOHATUE OTHOCUTENTbHOW BRAXHOCTU. OTHOCUTENBHOM BNAXXHOCTBLIO BO34yXa ¢ HasblBalOT
OTHOLWEeHMe abConTHOM BRAXHOCTU BO3dyXa p K MAOTHOCTU p, HACbILWEHHOro BOASHOIo
napa npu TOMN xe Temneparype. (00] BblpaxkaeTcs B NpoLeHTax.

OTHOCUTENbBHYIO BIAXXHOCTb MOXHO OnpeaenuTb Nno opmyrie.

o =Lx100% (1)
Po

3. Ecnn BnaxHbIn BO3OyX oxnaxgaTtb, TO MPU HEKOTOPOM Temnepartype nap,
HaxoAALWNNCA B BO3AyXe MOXHO OOBECTU A0 HacbiweHus. [pu ganeHenwem oxnaxaeHum

BOASIHOM nap HavYMHaeT KoOHOAeHCUpoBaTbCA B BUOE POCHI. MogasnsieTca TyMaH, BbilnagaeT

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
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poca. Temnepartypy, Npu KOTOPOW Nap, HaXoAsLWMNCSA B BO34yXe, CTAHOBUTCS HACbILWEHHbI B
npoLecce oxnaxaeHus, HasblBatoT TOYKOM pochkl. 1o ToUke poChkl C NOMOLLLIO cneunanbHbIX
Tabnuuy MOXHO onpeaenuTb abConTHYH BNaXHOCTb p. [1o 3agaHHOM TeMnepaTtype Bo3ayxa
MOXHO ONpeAennTb C MOMOLLIbIO 3TKX e Tabnuy, NAOTHOCTb HACLILLEHHOrO Napa p,, a 3aTem
no cpopmyne (1) onpenensitoT OTHOCUTENBbHYIO BIIAaXXHOCTb BO3ayXa.

4. 3HayeHue BraxHoctn Bo3gyxa. OT BNaXHOCTU 3aBUCUT WHTEHCUMBHOCTb
ncnapeHnsa Bnarn C NoBEPXHOCTU KOXK YenoBeka. A ucnapeHue Bnarm mvmeet Gonbluoe
3HayeHus Onsa noggepXxaHmsa TemnepaTypbl Tena MOCTOsiHHOW. bnaronpuatHaa ans
yernoBeka OTHOCUTENbHAs BraHOCTb Bo3ayxa 40-60%. Takyto BNaXXHOCTb NogAepXuBatoT
NPOU3BOACTBEHHbBIX MOMELLEHUSX, HA BOPTY KOoCMMYeckoro kopabns. bonblwoe 3HadeHue
MMeEeT 3HaHWEe BMaXXHOCTU B METEOPOsiorMn Ans npeackasaHnsa norogbl, T.K. KOHAeHcauums
BOOSIHOrO napa nNpueoauT K obpasoBaHUio 06/1akoB 1 NocneayrLwemMy BbiNageHUo 0CagKkoB.
Mpn atom Bbligensdetrca 6onbwoe KONMYECTBO TennoTbl B aTMocdepy. W Haobopor,
ncnapeHme ConpoBOXOAeTCs MOrfoweHneM TennoTtbl. B TKaukom, KOHOAUTEPCKOM,
/meyaTHOM M Opyrnx NPoOu3BOACTBAX OS5I HOPMarnbHOro TeYeHUs NpoLeccoB Heobxoamma
onpeaenéHHasi BMaXHOCTb. XpaHEHWE MPOM3BEAEHUN WCKYCCTBA, KHUF, My3blKanbHbIX
WHCTPYMEHTOB TpebyeT noaaepxaHnsa BNaXKHOCTU HA HEOBXOOMMOM YPOBHE.

5. Mpnbopsbl ansa onpeaeneHnst BNaxHOCTU. [1ns onpefeneHns BRaXHOCTU BO3gyxa
NUCNonb3yT TakMe npubopbl, Kak rMrpomMeTpbl (KOHAEHCALUMOHHbLIA W BOSIOCHOM) U
ncmxpomeTtpbl. C  MNOMOLLBK  KOHAEHCALUMOHHOrO rurpomMeTpa MOXHO  OnpenennTb
abConTHYIO BMAXHOCTb MO O4YKe pocbl. [JencTBMe BOSIOCHOIO rMrpoMeTpa OCHOBAHO Ha
CBOWCTBE YErI0BEYECKOro Bonoca yanuHaTbes MNMpn yBeNMYeHMM OTHOCUTENbHON BNaXXHOCTH
Bo3ayxa. [1pu 3TOM CcTpernka Ha LKane ykasblBaeT OTHOCUTESbHYIO BIIaXXHOCTb BO34yXa B
NpoLEeHTax.

6. YCTpPOMCTBO U NpUHUMN OEeNCTBUSA NcuxpomeTpa. NcuxpomeTp cOCTOUT U3 AOBYX
TepmomeTpoB. OanH TepMOMETP MoKasbliBaeT TemnepaTtypy Bo3dyxa, a gpyrom obmoTaH
TKaHblO, KOHeL, KOTopon onyweH B BoAy. [lpyM ucnapeHun BOAblI C TKaHW TepMOMeETp
oxnaxpgaetca. [Npn Bonbwen nnn MeHbllen BaXXHOCTU UcnapeHne nponcxoamt boictpee?
3HauMT pas3HOCTb MOKasaHuM TepmomeTpa Tem Oornblle, YeM MeEHbLUEe OTHOCUTENbHAs
BNaXHOCTb. [10 pasHOCTM MOKasaHUM CYXOro W BAXHOr0 TEPMOMETPOB C MOMOLLBIO

cneyunanbHbIX Tabnny, MOXHO onpenennTtb OTHOCUTENTbHYIO BNNIaXXHOCTb BO34YyXa.

CodeprxaHue u nopsidok 8bINOHEHUST pabombi

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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1.C nomoLbio OEMOHCTPaUuMOHHOIo TepMOMETPa U3MepbTe TEMNEPATYPyY BO3QyXa B

knacce - Kyx TepmomeTp nabopaTopHbIi.

2. ObepHuTe pesepByap TepMomeTpa nabopaTtopHOro mMapremn Tak, YTobbl KOHYMK

TKaHM cBOOGOOHO cBUCAM BHU3, U 3akpenumTe ero HUTKOMW.

3. epxa TepMOMeTp 3a ero BepXHWi Kpai, onycTUTE CBUCAIOLLYIO YacTb TKaHU B

BoAy. Boaa gomkHa cMoYnTb TKaHb. I'Ip|/| 9TOM pe3epByap TepMoOMeETpPa OOJTKEH OCTaBaTbCA

BbllLe YPOBHA BOAbl B CTakKaHe.

4. Habniopaa 3a nokasaHusMM TepMoMeTpa, 3anulinTe Camoe HWU3KOe MoKasaHue

TEPMOMETPA, 3TO 3HAYMT Ly, .

5. Pe3ynbTaTbl UaMepeHnn 3aHecute B Tabnuuy.

t cyxoro, OC |t BnaxHoro ,0C |t cyxoro —t BnaxHoro
,0C

OTHOCUTENbHaa BNa)HOCTb
®,%

6. C NoOMOLLbIO NCUXPOMETPUYECKON Tabnuubl onpeaenuTe OTHOCUTENbHYH BNaXHOCTb

BO34yXa B Kriacce

7. BbiBOAbBI MO paboTe

KoHmporsbHbIe 80rpochl

1. YTo Takoe ucnapexHmne? KongeHcaumna?

2. Kakne atmocdepHble siBNeHUs 06 bACHATCS KoHaeHcaumen napa?

3. lMornowaeTcs nnu BolAenseTcs aHeprus npu

a) KoHgeHcauum ; 6) ncnapeHumn?

4. Kakon nap HasblBalOT HacblWEHHbIM? HeHacbIWeHHbIM?

5. YT0 03Ha4aeT AnHaMmmnyeckoe paBHOBECKE XKNOKOCTU U napa?

6. Toyka pochbl.

Pasgen 2. Tema 2.2 ArperatHble COCTOSIHUA BeLlecTBa

NabopaTopHoe 3aHATME Ne 3

Tema: ONMPEAENEHUE KO3®®ULIMEHTA NOBEPXHOCTHOIO HATAXEHUA
XUOKOCTU

Lenb paboTtbl: onpeaenuTtb KO3OUUNEHT NOBEPXHOCTHOIO HaATSXKEHUS BOAbI NPU
KOMHaTHOM TemnepaType.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Mpubopbl n matepmansbi:
cocyn C BOAOW, LWNpuupbl (pasHbIX Mil), MEPHbIN CTakaH, 3MeKTPOHHbIE BECHI.
Kpatkasa aHHoTauus.

Habntopasn 3a oTpbIBOM Kanmnu XUAKOCTU OT BEPTUKANbHOMN Y3KON TPYOKN, MOXKHO
onpenennTb KOAMOULNEHT o NOBEPXHOCTHOIO HATSXKEHUS XKUOKOCTW.

KoaghgpuyueHm noeepxHOCMHO20 Hamsi>KeHUs1 YUCJIEHHO paseH cusie
noeepxHOCMHO20 HamsKeHusl, delicmeyroujeli Ha eQUHUUY ONUHbI 2paHuUybl
c80600HOUI NoeepxHOCMU XUGKocmu:

F

a=_,

L
rae | — AonuHa yyactka KOHTypa, Ha KOTopbiv AeucTByeT cuna F (a Takke HebGonbluoe
TeopeTuyeckoe BBegeHMe 06 3Heprum NOBEPXHOCTHOIO CNOsi U NOBEPXHOCTHOM
HaTSXKeHUU XKUAKocTen).

PaccmoTpum, Kak pacTeT Kanns XUOKOCTU Npu BbIXo4e U3 y3kon Tpybkn. Pasamep kannm
nocTeneHHo HapacTaeT, HO 0pr|BaeTc;| OHa TOfbKO Toraa, Korga gocturaeT
onpeerneHHoro pasmepa (cm. puc. 1 a).

JUyyL

O

a b c
Puc. 1.

Moka Kanns HeAoCTaTOYHO BENUKA, CUIbl MOBEPXHOCTHOIrO HaTSXKEeHNA A0CTATOMHbI, YTOObI
NPOTUBOCTOSATL CUSME TSXKECTU U NpeaoTBpaTUTh OTpbIB. [epen oTpbiBOM 06pasyeTcs
Cy>XeHue — wwenka kannu (puc. 1 b). lNoka kannga yaepXuBaeTcsl Ha KOHLE KanunnsipHoOn
TpybKK, Ha Hee ByayT AencTBOBaTb CUSbI:

cuna T4aXXectun Mg , HanpasieHHad BeEPTUKalibHO BHNU3 U CTpeEMALLAACA OTOPBATb Karsito
(puc. 2);

Cunbl NOBEPXHOCTHOIo HaTFI)KeHVIFIf , HanpasJi€HHble MO KacaTenbHOn K NOBEPXHOCTU
XNOKOCTU N nepneHankKyrnAapHO KOHTYpPY | wenkn kannu.

mg

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Puc. 2.

OTK cunbl CTPEMSATCA yaepxaTb Kannio. Pe3ynbTupytoLwas cuna noBepXHOCTHOIo
HaTsbkeHus ¥ HanpasneHa BBepx v paBHa

H=ud, 2)

roe | — onvHa KOHTYpa wenkn kannu. Korga cuna TsKecTun cTaHeT paBHa cure
NOBEPXHOCTHOIo HaTAXeHuA r|p0|/|3017|,c|,eT OTpbIB Karnsiu:

"= @)
Ana moaynen cun:
/F/=/-F/
C yyetom (2) 3anuwem:
mg =i
Tak kaK 4nvMHa KOHTypa LWenKn Kansu
I=md,

roe d — aOnameTp LLEeNKN Kannu, crnegoBaTenbHO

mg = and,

oTKyaa

. 4)
Macca ogHow kannu
m, = o7,
rae p — NNOTHOCTb XuakocTu (ansa soapl p = 1000 ka/m3), Vi — 06bem ogHoM Kanmnu.

Ecnn nocunTaTb, CKOMBbKO Kanesb BbITEYET U3 KanunnspHom TpyoKkn B MEPHbIN CTakaH, n
n3mMepuTb nx o6bem V, To MOXXHO HaNTKU o6 beM OOQHOM Kannu:

Torga k03 PMUNEHT NOBEPXHOCTHOIO HaTSXKEHUSI MOXHO paccymTaTb No opmyne:

o=E Ve .
ere it (5)
dopwmyna (5) sBnseTtca paboyen pacyeTHOM OOPMYoN.

B nencTButenbHOCTY Kannga He OTPbIBAETCS NO JIMHUN OKPY>XHOCTU Wenkn. B MomeHT, koraa
pasmMep Kannum OCTUraeT 3Ha4YeHus, onpenendaemMoro paBeHCcTBoMm (3), Wwerka HaymHaeT

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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ObICTpO cyxaTbes (puc. 1 b), npnyemM en conyTCTBYET €Lle 0gHa ManeHbKas kanns (puc.
10).

Kpome Toro, B pacyetax, guameTp LIEeNKM Kannam B MOMEHT OTPbIBA MOXHO MPUHSTb PaBHbIM
BHYTPEHHEMY AnameTpy TpyOku, Tak kak Tpybka JOCTaTOYHO y3Kasi U ee AuamMeTp CPaBHUM C
AVaMEeTPOM LLENKM Kannw.

[ng pacyeta o no copmyne (5) HeobxoanMo Bo BpeMs U3MepeHUs cneauTb 3a YUCTOTON
kanunnsipa n Boapl. Kpome 10ro, KoanUNEHT NOBEPXHOCTHOIO HATSXKEHUST o 3aBUCUT OT
TemnepaTypbl UCCNeayeEMON XNOKOCTU: C POCTOM TeMnepaTypbl OH YMeHbLuaeTcs. [pu
kKomHaTHon Temnepatype 20 °C TabnuyHoe 3HavyeHne koadbdpuumeHTa o ans
ANCTUNNMPOBAHHOM BOAb! Gmaén = 72,5-1073 H/m.

YKka3saHus K pabore.

B Hawem onbiTe Mbl ByaeM cuntaTb Kannu Boapl, BblTEKAOLLME Yepes Urny MeanLMHCKOro
lwnpuvua.

1. VNamepuTb TeMnepaTtypy okpyKatoLen cpeabl.

2. HabpaTb B YMCTbIV CTakaH XONo4HOM BOAbI UNU OUCTUNNMPOBAHHON BO4Y ,
MakcumarnbHO oxnaantb Boay (npubnmantensHo go 10-12 °C). Nameputb
TemnepaTypy BoAbl.

3. lMoaroToBnTb HEBOMBLLLOW YNCTLIN COCYA (Yaweuky, dfiakoH, MEPHbIN CTakaH 1 T.M.), B
KoTopbIn ByaeT npokanbiBaTbCA BoAa. BaBecutb nycTom cocya Ha aneKTPOHHbIX
BeCcax.

4. [MpurotoBuUTb LLNPULBI ANA UHBEKUUIN pasnnyHbix o6bemom. B winpuy HabpaTb
XONogHon BoAbl 1 nocynTaThb Yncno kanernb N 1 nameputb Mx 06beM B MEPHOM
cTakaHe V, a Takke, 3Has gnameTp kanunnsapa d (no mabnuye 1 nocmompems 07isi
winpuyos), HanucaTb BCe AaHHble B Tabnuuy pesynbTaTos.

PaccuntaTtb KO3hPULMEHT NOBEPXHOCTHOrO HaTsHXkKeHus no dopmyne (5).

lMpokananTte BCO BOAY U3 WINpULA B COCYA, TOYHO cocYMTaB konmn4yecTBo kanenb N.
MpoaenanTte onbIT 3 pasa. PaccuntanTte cpegHee vncno kanenb Ncp.

7. CpaBHUTb paccynTaHHoe 3HayYeHne KoadununeHTa NOBEPXHOCTHOIO HATSKEHUS C
TabnUYHbIM.

8. BeiBOA

KOHTPOIJIbHbIE BOMPOCbI
1. KakoB (pmamyeckuin cmbicn KOadhduLUmneHTa NnoBEPXHOCTHOIO HAaTSXKEHNSA?

2. KakoBo 3HayeHue koadbduLmeHTa NoBepPXHOCTHOrO HATSHKEHUS NMPU KPUTUYECKON
Temnepartype u novyemy?

3. Kak nameHuTcs KoadhpuLUMEHT NOBEPXHOCTHOIO HaTSKeHUs BOAbl, ecnn Ao6aBnTb B BOAY
cnupT?

4. Kakoe 3Ha4yeHne NMetT SABMEHNS CMavymMBaHNA U HECMayYMBaHNA B npupoae n TEXHUKE?

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx



MO-26 02 05- 00.11.113 KMPK BIrAP® ®I'60Y BO «KI'MY»

DOUBMKA | C.13/46

Tema 3.1 dnekTpuyeckoe none

NNa6opaTtopHoe 3aHsATME No4.
Tema: OnpeneneHue 3NeKTPUYECKON EMKOCTU KOHAEHCaTOpOB

Llenb paboTbl:

1) nccnenoBaTtb 3aBUCMMOCTb 3MEKTPOEMKOCTU MOCKOro KoHAeHcaTopa OT MoLuaam
NNacTuH,

2) uccnenoBaTb 3aBUCUMOCTb 3NEKTPOEMKOCTM NIOCKOro KOHAEeHcaTopa OT Hanuyus
AV3NEKTPUKa,

3) uccnenoBaThb 3aBUCUMOCTb 3NEKTPOEMKOCTM MNIOCKOro KOHAEeHcaTopa OT PacCTOSAHNS
Mexay nnacTMHaMu KoHaeHcaTtopa.

Mpubopbl n matepuansol.

OnekTpoMeTp U3 Habopa No anekTpocTaTUKe.

Anckn ¢ gManekTpnyeckum nokpbITUEM.

[dunanekTpuyeckne nnacTuHbl (nnekcurnac, 36oHUT, CTEKNO).
LWTatne ¢ MydTOM 1 Nankown.

CoeanHnTenbHble NPOBOAA.

JInHenka n3 opraHn4ecKoro ctekna (nnekcurnaca).
LenkoBas TkaHb.

NN~

Kpatkaa aHHoTauus.

B3anMHoI 3neKpoeMKOCTbIO ABYX NPOBOAHUKOB Ha3biBaeTcs onanyeckas BenuynHa,
YMCNEHHO paBHas 3apsay g, KOTOpbIi HEOOXOAMMO NePEHeCTU C OAHOrO NPOBOAHMKA Ha
ApYroi ansi Toro, Ytobbl U3MEHUTb Ha eAUHMLY Pa3HOCTb NMOTEHLMANoB

( #1-#1) mexay HUMMK: , rae: & - aneKTpoeMKOCTb MNMOCKOro KoHaeHcaTopa,
#1- noTeHUMan HUXHeWn NNacTUHbI KOHAeHcaTopa,

¥1 - noTeHUMan BepxHen NnacTuHbl KoHaeHcaTopa, U- HanpshkeHne Mexay nnactMHaMmm
(obknagkamun) kKoHAEeHcaTopa,

U = (*1- #1) - pasHOCTb NOTEHLMANOB (HaNpsPKeHUe Mexay nnacTmHamm).

Mpeobpasyem opmyny K Bugy

lMnockun koHgeHcaTop NpeacTaBnsieT cobon ABe napannesnbHble NNOCKUe NNacTUHbI
(obknagku), 3apsKeHHbIE OANHAKOBBIMU NO aBCONMOTHOMY 3HAYEHMIO, HO PAa3HOMMEHHbBIMU
3apsgamu. NnactuHbl (06knNagkn) KoHgeHcaTopa UMELDT nowanb S, HaXoasaTcsa Ha
pacctosiHum d gpyr ot gpyra. Mexay obknagkaMmu KoHOeHcaTopa pacnonoXeH AN3NEKTPUK
(BO3AYyX, OpraHnyeckoe CTeKNo, 360HUT) C OTHOCUTESTbLHOW OUIANEKTPUYECKOM
NPOHMNLAEMOCTbIO €.

I'Iopnp,ox BbIMOJTIHEHUA paGOTbI.

AHURYNICGHITT y110aS)IZACITILA THPUCAVIVIFIDIVIU LocuLlTIicaviu 1'v. NUJIJICUR

lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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1.MoarotoBuTb SKCrNMepnMeHTalribHy0 YCTaHOBKY K rnpoBegeHunto nccrnenoBaTesibCKomn
OeATesIbHOCTU:

1) nocTaBuUTb SNEKTPOMETP B LIeHTpe NabopaToOpHOro cTona,

2) NepBbI OUCK YKPENUTb Ha LiEHTparibHOM CTEePXXHE 3MEKTPOMETPa,

3) BTOpOW OUCK NPUKPENUTD K Nanke wTaTuea,

4) Kopnyc anekTpomMeTpa coeaHUTb NMPOBOAOM CO BTOPbIM ANCKOM U 3a3eMMNTb.

5) pacnonoxuTb OUCKN Ha pacCTOsiHUM 5 CaHTUMETPOB TakK, YTOObI UX LIEHTPbLI ObINK Ha
O[HOW NPSIMOW, NPOBEAEHHOM YEpPEe3 OCb CTEPXKHS 3rekTpomMeTpa.

2.

1) Ocnabutb 3aXuM nanky WwraTnea Tak, YToObl MOXXHO Obifo 6€3 BoMbLUMX YCUNUN
onyckaTb (NogHMMaTb) BTOPOW OUCK KOHOEeHcaTopa.

2) B3aTb B pyKy NMMHENKY, OCYLLECTBUTb ANEKTPU3ALMNIO NYTEM TPEHUS LLENKOBOW TKaHN 06
OPrcTekso.

3) 3apsanTb HWXKHIOK NAACTUHKY KOHAEHcaTopa, MPUKOCHYBLUNCH K CTEPXKHIO AN1eKTpockona
Ha3MEeKTPU30BaAHHOW NMHENKON. BepxHas nnacTuHka npuobpeTeT anekTpruyecknin 3apsag,
paBHbI MO BESIMYMHE, HO MPOTUBOMONOXHbLIN NO 3HAKy. KOHOEeHCaTop 3apshkeH. YCcTaHOBKa
rotToBa Ans NpoBeaeHUs! OnbITOB.

OnbIT N2 1.

1) YmeHbwaem paccmosiHue d mexay nnactuHamu KoHgeHcaTopa, MeaneHHo npudnumxkas
BEPXHUN OUCK K HUXKHEMY OMNCKY.

2) Habniogaem 3a nokasaHUAMW CTPENKN ANEKTPOMETPA, KaK NU3MEHAETCH HarpsikeHue
U (ysenuyusaemcs unu ymeHbuwaemcs),

3) 3anucbiBaem B Tabnuuy Ne 1 pesynbtat HabnAeHUS.

c=2
4) Nicnonb3ysa popmyny v , 3anucbiBaeM BbIBOJ, O TOM, YTO NPOUCXOaUT
C arlekmpoeMKocmbto KoHOeHcamopa C (ysernuyusaemcs unu yMeHbwaemcsi).

OnbIT N2 2.

1) YBenuumBaem pacctodHne d mexay nnactMHamm KoHgeHcaTopa, MegneHHO nogHumas
BEPXHUW OUCK.

2) Habniogaem 3a nokasaHUAMW CTPENKN SNEKTPOMETPA, Kak NU3MEHAETCS HarpsikeHue
U (ysenuyusaemcs unu ymeHbwaemcs).

3) 3anucbiBaem B Tabnmuy Ne 1 pesynbTtaT HabnogeHus.

)
==
4) Nicnonb3ysa popmyny U , 3anncblBaeM BbIBO, O TOM, YTO NPOUCXOOUT
c anekmpoemkocmbto C KOHOeHcamopa (ysenu4dueaemcs unu yMmeHbwaemcs).

5) AHanu3npys pesynbTaTtbl ONbITOB U HAabNAeHWIA, 3anucbiBaem B Tabnuuy Ne 1 BeiBog O
TOM, Kakas 3aBUCUMOCTb CYLLIECTBYET MEXAY 3/IEKMPOEMKOCMbIO KOHOeHcamopa C u
paccmosiHuem d (npsiMasi NponopuUnoHanbHas 3aBUCMMOCTb U obpaTtHas
nponopLmMoHanbHas 3aBUCUMOCTD).

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Tabnmua Ne 1.
d U Bbi600: Kakasi cyuwecmeayem
paccmosiHue HarnpsixeHue g 3asucumMocmb MexX0y
Mexoy C = 7 anekmpoemkocmaeto C u
nnacmuHamu paccmosiHuem d
3/1€KMPOEMKOCMb
yMeHbLUaeTCcs
yBenu4MBaeTcs
OnbIT Ne 3.

1) YcraHaBnuBaem pacctosiHme d mexay nnactMHamu KoHgeHcaTtopa d = 5 MUNnIMMeTpoB.
2) 3ame4vaeM nonoXxeHne CTPENKN anekTpomMeTpa.

3) OCTOpPOXXHO BBOAMM CTEKMNAHHYIO NAACTUHKY (OU3aIeKmMpuUK) Mexay obkrnagkamu
KOHOeHcaTopa.

4) OTMeYaeM HOBOE MOSOXeHMEe CTPENKM ANeKTpomeTpa.
5) 3anucbiBaem B Tabnuuy Ne 2, kak naMeHunock HanpsixeHue U (ysenudueaemcs unu
yMeHbwaemcs).

c=-2Z
6) Vicnonbaya popmyny L' | sanucbiBaem BbIBOJ, O TOM, YTO NPOMUCXOaUT
¢ anekmpoemkocmbto C KOHOeHcamopa (ysenu4dueaemcs unu yMeHbLaemcs).

7) BblHMMaem 13 KoHaeHcaTopa CTEKMNSAHHYO NAaCTUHKY, BO3BpaLLaeM Ha NpexHee MecTo.
OnbIT Ne 4.

1) PacctosiHne mexay obknagkaMmm koHaeHcaTtopa octaeTtcsa 6e3 nameHeHus. (PacctosHune
MeXxay nnactuHamum koHgeHcatopa d = 5 MunnMMmeTpoB).

2) 3ame4vaeM nonoxeHne CTPEKN anekTpomMmeTpa.

3) OcTOpOXXHO BBOANM 300HUTOBYIO MMACTUHKY (OU3/IeKMpPUK) Mexay obknagkamm
KOHOeHcaTopa.

4) OTmeyaeM HOBOE MOSOXEHMNE CTPESIKM ANIEKTPpOMeTpa.

5) 3anuceiBaem B Tabnnuy Ne 2, kak naMmeHunock HarnpsixxeHue U (ysenudueaemcs usniu
YyMeHbWaemcsi)

g
==
6) icnonbaya opmyny v , 3anncblBaeM BbIBO, O TOM, YTO NPOUCXOOUT
C anekmpoemkocmbto C KOHOeHcamopa (ysenudueaemcs unu yMeHbwaemcs).

7) AHanuaupys pe3ynbTaTbl ONbITOB U HAOMOAEHWI, 3anUCbiBaeM BbIBOA O TOM, Kakast
3aBUCKMOCTb CYLLLECTBYET MexXay 3/1eKmpoeMKocmbio koHOeHcamopa C u
ouanekmpu4deckol npoHuyaemocmeto £ (obpaTHas nponopumoHanbHasi 3aBUCUMOCTb U
npsimasi NponopLMoHanbHas 3aBUCUMOCTb).

8) BblHMMaeM 13 koHAeHcaTopa 360HUTOBYIO NMACTUHKY, BO3BpaLLAeM Ha NpexHee MecTo.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Tabnuua Ne 2.
£ U oo g Bbi600: kakasi cyuecmeayem
duanekmpuyeckasi | - npsKEHUe 7 3asucumMocmb Mex0y
MpoHUYyaemMocms anekmpoemkocmbio C u
cpeobi 3J1IEKMPOEMKOCMb Quanekmpu4eckou
MPOHUYaemMocmbio cpedbl £
yMeHbLUaeTcs
yBENnu4YMBaeTCcs
OnbIT Ne 5.

1) PacctosiHne mexay obknagkamm koHaeHcaTtopa octaeTtcs 6e3 nameHeHus. (PacctosHune
MeXay nnactuHamu koHgeHcatopa d = 5 MunnMMmeTpoB).

2) 3ame4vaeM NnonoXxeHne CTPENKN anekTpomMeTpa.

3) Habnogas 3a nokasaHUsMM CTPESKM 3NIEKTPOMETPaA, CABUraeM BEPXHIOK 00Kknaaky
KOHAEHcaTopa, yMeHbLUas nnoLwagb B3aMMHOro nepekpbiTUs NnacTuH.

4) 3amevyaeM HOBOE MOSOXEHMNE CTPENKM ANIEKTpOMeETpa.

5) 3anucbeiBaem B Tabnuuy Ne 3, kak nameHsaetcs HanpsxxeHue U (ysenudueaemcs unu
YyMeHbWaemcsi)

c=2
6) Vicnonbaya opmyny v , 3anucbiBaeM BbIBOJ, O TOM, YTO NPOUCXOaUT
¢ anekmpoemkocmbto C KoHOeHcamopa (yseriudusaemcs unu yMeHbWaemcsi).

7) AHanun3npys pesyrnbTaTtbl ONbITOB U HAGMOAEHWIA, 3anncbiBaeM BbIBOL, O TOM, Kakas
3aBMCUMOCTb CYLLLECTBYET MeXay 3/1eKmpoeMKocmbto KoHOeHcamopa C u eefiuduHoU
nnowadu S (obpaTHasi nponopumoHarnbHas 3aBUCMMOCTb UM NpAMas NPonopLmMoHansHas
3aBUCUMMOCTB).

OnbIT N2 6.

1) PacctosiHne mexay obknagkamm koHaeHcaTtopa octaeTtcsa 6e3 nameHeHus. (PacctosHue
MeXxay nnactuHamu koHgeHcatopa d = 5 MunnMMmeTpoB).

2) 3ame4vaeM nonoxeHne CTPENKN anekTpomMmeTpa.

3) Habnogas 3a nokasaHUSMM CTPESikM 3NIEKTPOMETpa, CABUraeM BEPXHIOK 00Knaaky
KOHAEHcaTopa, yBenu4yMBas nnowiaib B3aMMHOIo NepekpbiTUSA MacTuH.

4) 3ameyvaeM HOBOE MONOXeHNe CTPENKN 3AneKTpomMeTpa.

5) 3anucbiBaem B Tabnuuy Ne 3, kak nameHsaeTcsa HanpsxxeHue U (ysenudueaemcs unu
yMeHblwaemcsl).

g
C==
6) Ncnonbays dopmyny L | 3anucbiBaem BbIBOA O TOM, YTO MPOUCXOAUT
¢ anekmpoemkocmbto C KOHOeHcamopa (ysenu4dueaemcs unu yMeHbwaemcs).

7) AHannaupys pe3ynbTaTbl ONbITOB U HAOMOAEHWI, 3anUCbiBaeM BbIBOA O TOM, Kakast
3aBUCKMMOCTb CYLLECTBYET MeXAy 3/1eKmpoeMKocmbio koHOeHcamopa C u nioujadbHo

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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83aUMHO20 repekpbimus niacmuH S (obpaTHasa nponopuMoHaribHast 3aBUCUMOCTb UIn
npsmMasi NnponopumnoHanbHas 3aBUCUMOCTb).

Tabnuua Ne 3.

S — nnowadb U oo d Bbi600: Kakasi cyuecmeayem
83aUMHO20 Harnps>keHue 7 3asucumMocmb Mex0y
rnepekpbImusi 3eKMPOeMKOCME anekmpoemkocmeto C u
rnnacmuH rnow,aobro rniacmuH S
yMeHbLUaeTcs
yBenuunBaeTcs
BbiBopa.

Paspen 3. Tema 3.2.3aKoHbl MOCTOSIHHOIO TOKA.

NabopaTopHoe 3aHATMENe 5
M3mepeHue yaenbLHOro cConpoTUBeHMA NPOBOAHUKOB.

Llenb: onpegenutb yaensHoe CoONpoTUBIEHNE NPOBOAHMKA U CPABHUTL €ro C
TabNMYHLIMU AAHHBIMW.

UcxoaHble AaHHbIe U MaTepuarnbl: UCTOYHMK 3NEKTPONUTaHUs, peoctaT, amrnepmeTp,
BONbTMETP, KIHOY, COeAMHUTENbHbIE NPOBOAA.

Kpatkas aHHOTauus.

[ns BbINONHEHWs paboTbl Heo6xoauMa NPoBOSIOKa U3 MaTepuana ¢ 60nbLNM yaeNbHbIM
COMPOTUBIEHNEM.
YpenbHoe conpoTUBEHNe NPOBOAHMKA MOXHO BbIYUCIUTb, MCNONb3YsS (OOPMYIb:

_ l
R—px;

xd?
S=
4

ConpoTuBneHe NPoOBOAHMKA MOXHO U3MEPUTb, UCMonb3ys 3akoH Oma. B aTom crnyyae
chopmyna ans pacyeTta yAenbHOro conpoTuBIeHns ByaeT BbirnsaaeTh Tak:
_RxS _ (Rxmxd?)
1 @xD

_ (Uxmxd?)
P 4xIxl

CopgepxxaHue M NOpPALOK BbINONMHEHUs paboTbl:

1. O3HakoMuTbCA ¢ Npubopamu 1 obopyaoBaHNEM, 3anMcaTb NX TEXHUYECKNE OaHHbIE.
2. CobpaTb anekTpuyeckyto uenb (puc 1).

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Puc (1)

3. A3amepuTb cuny Toka | 1 HanpsiXeHne Ha ero KoHuax.
4. N3amepuTb ANMHY NPOBOAHMKA U €ro AnameTp.
5. Pe3ynbTaT MU3MEPEHUN U BbIYUCIIEHNIA 3aHECTU B Tabnuuy.

UB I, A d, mm L,m p, OMX M T~ 3,14

6. BblumcnuTtb NpnbnmsnTenbHOe 3HaYeHNe YaenbHOro CONPOTUBIEHNSA NPOBOAHMKA.

7. Ol'lpe,D,eJ'II/ITb MHCTPYMEHTallbHbl€e NOrpelHOCTN N3MEePUTESIbHbIX I'Ipl/l60pOB 7]
NnorpeHoOCTn oTCHETAa.

8. Bbluncnutb I'IpVI6J'II/I3I/ITeJ'IbHoe 3Ha4YeHune yaeribHOoro conpoTmBiieHnd npoBoaHMKA.

9. 3anucatb pe3ynbTaT U3BMEPEHUIN YAENbHOrO CONPOTUBNEHUS NPOBOAHMKA B BUAE P =
Pnp £ Ap

10.0l'lpe,El,eJ'II/ITb no cnpaBOYHUKY MaTepuarna npoBogHUKa.

_Uxmxd?

=314
4xIxl

KoHTponbHbIe BONPOCHI:

1. YT0 Ha3bIBaKOT yaenbHbIM CONPOTUBIIEHNEM NPOBOLHMKA?

2. [MoyeMy Anga U3roToBneHUs HarpeBaTesbHbIX 3fIEMEHTOB MPUMEHSAIOT NPOBOLHWKK C
6onbLMM yaenbHbIM CONPOTUBNEHMEM, a ANs NOABOASALNX C ManbiM?

3. B kaknx eguHuuax u3aMepsioT yaerbHoe ConpoTuBneHne nposogHuka B cucteme CA?

4. MNokasaTb rpauyeckm 3aBUCUMOCTb CUSTbl TOKA, HA AAHHOM y4acTKe, OT COMPOTUBIIEHUSA
3TOro NPOBOAHMKA U HANPSXKEHWUS.

5. 3aBucuT N conpoTMBREHNE NPOBOAHMKA OT CUIMbl TOKA U HAaNPsKeHUs1 Ha AaHHOM
npoBogHuKE?

Pasnen 3. Tema 3.2. 3akoHbl MOCTOAHHOIO TOKA.

Na6opartopHoe 3aHATMEN? 6
Onpepnenexue 3[C u BHYyTPpEHHEro ConpoTUBIIEHNA NCTOYHMKA TOKa.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Llenb: oBnageHve npnemom onpeaenenduns 3C n BHyTPEHHEro ConpoTUBIEHNS
MCTOYHMKA TOKa C NMOMOLLbIO BONbTMETPa U aMmnepmeTpa.

MUcxoaHble aaHHbIe U MaTepuasnbl: UICTOYHUK TOKa, aMnepmMeTp, BOJIbTMETP, pe3NUCTOP,
KIo4, coegnHUTENbHbIE NpoBOAaA.

Kpatkas aHHOoTauus.

PaboTa BbINOMHAETCHA C NOMOLLbIO 3KCNEPUMEHTArIbHOM YCTaHOBKM, CXEMa KOTOPOW
n3obpakeHa Ha pucyHke 1.

e |i]1
@

puc. 1

S0 C n3mepsoT ¢ NOMOLLbIO BONbTMETPA Npu
pPa3oMKHYTOM Krtoye. B aTom cnyyae
conpoTmuBneHne BHewWwHen uenm R - < (unn R » r), n Toraa

U=e (1)

Cnepyet 3aMeTUTb, YTO paBeHCTBO (1) BbINOMHAETCA TEM CTPOXE, YeM BornbLue
BHYTPEHHEE COMPOTMBIIEHNE BONbTMETPA.

BHyTpeHHee conpoTMBNEHNE NCTOYHMKA TOKa onpeaenstoT nocne Toro, kak 34C 6yaet
namepeHa. 3aMblkatoT KoY U M3MepsoT HanpskeHne U Ha peanctope u cuny Toka | B
uenu. CornacHo 3akoHy Oma ans nosiHow Lenu, coaepkallern pe3ancTtop, MOXHO
yTBEPXAaTb, YTO

r=22(2)

CopepxaHue n NopsifoOK BbINONTHEHMA PaboThbI:

1. Jokaxunte cnpaBegnmBocTb hopmyrnbl (1).

2. BoiBeguTe pacyeTHyto hopmyny (2) ons onpeneneHnsi BHyTPEHHEro CONpOTUBEHMS
NCTOYHMKA TOKA.

3. YkaxuTe, kakme omsmyeckme BenuinHbl noanexart npamMomMy U3MepeHuio ans
onpeaenenus 3C 1 BHYTPEHHETO COMPOTUBIEHNSA NCTOYHMKA TOKa NPUEMOM,
ncnonb3yemMbliM B aHHON paboTe. C NOMOLLBIO KakuX N3MepuTenbHbIX Nnpubdopos byayT
nposegeHbl amepeHua? Onpegenvte 1 3anuwMTe rpaHuLbl abConoTHBIX NOrpeLlHOCTEN
3TNX NPNBOPOB.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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4. Onpegenute 1 3anunTe rpaHvubl abCONOTHBIX NOrpeLlHOCTEN oTcyYeTa amnepmeTpa u
BONMbTMETpA.

5. 3anvwunte hopmynbl 4ns onpeneneHns rpaHnubl abConMTHBLIX NOrPELLIHOCTEN
namepenuna 0C ur.

6. MogroToBbTe TabNUUy ANA 3anMcy pe3ynbTaToB U3MEPEHUIN U BbIYUCIEHWA.

s, B Ag, B U,B AU,B I, A AL A r, Om Ar,OM

7. Cobepute akcnepnmMeHTanbHy YCTaHOBKY No cxeme, n3obpaxkeHHom Ha pucyHke 10.
8. MNoaknto4nTe NCTOYHUK TOKa K 3NEKTPOCETU U NMpu pa3oOMKHYTOM Kntode namepbte 34C
NCTOYHMKA.

9. 3aMKHUTE KIOY, onpedenuTe n 3aHecuTe B Tabnuuy nokasaHus amnepmeTpa u
BOSNIbTMETpA.

10. Boluncnute rpaHnubl abCcontoTHbIX NorpewHocTen namepennn €, U n .

11. Boluncnnte 3HavyeHne BHYTPEHHENO CONPOTUBIIEHUS UCTOYHMKA TOKa T.

12. Bbluncnnte 3HavyeHne rpaHuLbl abCcontoTHOM NOrpeLlHoCcT Ar.

13. 3anuwunTte nonyyeHHble 3HadeHns OC 1 BHyTPEHHEro CONPOTUBIIEHUS C y4ETOM
rpaHuL, X abCoNOTHBIX NOrPeLLIHOCTEN:

Eyer = EXTAE, Ty ErAr
BbiBoa no pabore.

KoHTponbHbIe BONPOCHI:

1. NMo4vemy BHYTpeHHee CONpPOTUBMNEHNE BOSIbTMETPA MOXET BNUATL HA TOYHOCTb
namepenuna 30C?

2. Kak nameHnTbCA NokasaHue BONbTMETPa Npu 3aMKHYTOM KItode, ecrnn BHyTpeHHee
COMPOTUBIIEHNE NCTOYHMKA YBENUUYNTCA?

3. Kaknm gomkHo 6biTb conpoTUBNEHUE pe3ncTopa, YTobbl Cuy Toka B Lenu He
npeBbIlana BepxHU npeaen namepeHnsa amnepmeTpa’?

Wcnonb3yemas nutepartypa:
®unsumka. 10 knacc. YuebHuk. basoBbii 1 yrny6néHHbii ypoBHU - Msakuwes I. A., ByxoBues
b. Bb., Cotckmi H. H. / Noga pea. NMapdgeHTbeBon H. A. 2023 r.

Paspnen 3.Tema 3.2.3akoHbl NOCTOSAHHOIO TOKA.

NabopaTopHoe 3aHATMEe Ne7
M3yyeHne nocnepnoBaTenbHOro U napansenbHOro coeauHeHNA NPOBOAHUKOB
(pe3uctoposB).

Uenb: SKCNepMMeHTaribHO NPoBEPUTLb YTBEPXOEHNE O TOM, 4YTO B SJ'IeKTpW-IeCKOIZ uenwu,

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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copepxallen 4Ba NoCneaoBaTenbHO COBAMHEHHBIX PE3NCTOPA CONPOTUBIIEHNEM Ry, U Ry,

CrpaBeanBbl paBeHCTBa:

R12=R1*R;; Uy ,= U +U;, n

U, R

U—l = R—l , rae Uyu U, - nafeHne HanpskeHNe Ha COOTBETCTBYIOLLMX COMPOTUBIIEHMSIX.
2 2

McxoaHble AaHHbIE M MaTepManbl: UCTOYHVK SMEKTPOMUTAHUSI, PE3UCTOP R,, PE3UCTOP

R,, aMnepmeTp, BOMbTMETP, KITioY, COEAMHUTENBHBLIE NPOBOAA.

Cxema yCTaHOBKM AMs BbINOSHEHUs! paBoThl nokasaHa Ha puc 1.

CopepxaHue N NOPSAAOK BbINONHEHUA paboThl:
NocnepoBaTenbHoe coeanHeHUe
1. O3HakoMuTbCs ¢ Npnbopammn n o6opyaoBaHNEM, 3anUcaTb NX TEXHUYECKNE AaHHbIE.
2. CobpaTtb anekTpuyeckyto uenb (puc 1).

3. NamepuTb obLiee HanpsikeHne U, n HanpshkeHne Ha yvacTtkax Uy, U,.
4. Nlameputb cuny Toka |.

5. Pe3ynbTaT M3aMepeHun 1 BbIYUCIIEHNN 3aHeCTn B Tabnuuy.

I, A Uy, B U,, B UB | R,,0M | R;,OM | Ry,,0m Uy Ry

6. [lo nony4YeHHbIM AaHHBIM paccynTaTb CONPOTUBIIEHNE PE3NCTOPOB -R;, R,, 0bLee
conpoTtmBnenue R.

NMpoBepuThb:
Ui _R

a) ="
Uz R

b) U1’2=U1+ UZ
C)I=Il B 12

Puc (1)

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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‘ Y 4
@D—@)

Ol@

7. VI3MeHUTb CXeMy yCTaHOBKM Tak, YTOObl OHa NO3BOMSANa N3MePUTb HanNpsXXeHne Ha
BTOPOM 1 NepBOM conpoTmereHnn. Cxemy 3apmncoBaTb B TeTpaib

8. NamepuTtb obLiee HanpskeHne Ha AByx conpoTtueneHnax Uq, U,.

9. NpoBepunTb BbINOMHAETCA NN paBeHCTBO U, ,= U + U,

10. Boiuncnntb conpoTtusneHmsi R4, R, 1 npoBepuTb CNpaBeasiMBOCTb paBEHCTBA
R1,2 = R1 + Rz

U; R
11.BblYMCNTb OTHOLIEHNS — = =2
U, Ry

I'Iapanneanoe coeanHeHue

1. O3HakoMmuTbCA € Npubopamn n obopyaoBaHueM, 3anncaTb UX TEXHUYECKUE AaHHbIE.
2. Cobpatb anekTpuyeckyto uenb (puc 1).

3. Nameputb obLiee HanpskeHne U, a Takke cuny Toka .

4. Pe3ynbTaTt n3amepeHni 1 BbIMUCNIEHNIN 3aHECTN B Tabnmuy.

U [L,A[L, [Il,A[R,OmM][1/R;,0m |R,,OM|1/R,, |Ry,0M| 1R, 0m | I, |R,
B A Om /L, | /Ry

5. HapucoBaTtb B TeTpaan CXxemy aneKTpu4ecKkon Lenu.
MpoBepuTb:

a) I,/I,=R,IR,
b) U,,=U,=U,
c) =1+,

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
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—

—/

Puc (1)
6. 1aMeHNTb cxeMy yCTaHOBKU Tak, YTOObI OHa NO3BOSISANIa U3MEPUTL CUIY TOKa Ha BTOPOM U
nepBoM conpoTtuerieHnn. Cxemy 3apucoBaTtb B TeTpaib.
7. [lo paHHbIM NPoBeAEHHbBIX USMEPEHUIN BbIYUCIIUTE BEMMYUHBLI CONPOTUBNEHA R; R, R, a
Takke BenuunHel 1/R; n 1/R,
8. Bbluucnutb cymmy 1/R; n 1/R, NpoBepuUThL CnpaBesiMBOCTb paBEHCTBA
1/R1,=1/R1+1/R,

BbiBOog no pabore.

KoHTponbHble BONpochbl:

1. Kakoe coeguHeHne Ha3biBalOT nocnegoBaTeribHbIM?

2. Kakoe coeguHeHune napannenbHoe?

3. Coopmynupynte 3akoH Oma ansa yyactka uenu.

4. B yem npeumyLlecTBa napannensHoro coeanHeHnsa notpebutenen?
5. Kakon npnbop coeguHeH napannenbHo ¢ noTpedbutenamm?

Mcnonb3yemas nutepartypa:
®usuka. 10 knacc. Y4ebHuk. basosbiv 1 yrnybnéHHbin ypoBHM - Mskuwes [, A., Byxosues
b. B., Cotckmii H. H. / MNoga pea. NMapdgeHtoeBon H. A. 2023 r. (ctp. 130-133).

Paspen 3.Tema 3.2.3aKkoHbl NOCTOSAHHOIO TOKa.

INTa6opaTopHoe 3aHATHE Ne8

Tema: UcciienoBanne MOIHOCTH, NOTPe0JIAEMOI JTAMIIOH OT HANPSIZKEHHUS HA ee

3a:KMMaXx.

Iesanb paGoThI: Ha OTBITE UCCIIEIOBATH 3aBUCUMOCTh MOIITHOCTH, MOTPEOIsieMoi

JIaMIIOM HaKaJWBaHUsl, OT HANIPSDKEHUS Ha €€ 3aKUMax.

Oo0opynoBanme: 3IEKTpUUECKas JIamMIla, ICTOYHUK MUTAHUS, PEOCTAT, aMIIEPMETP,
BOJILTMETP, OMMETP, KJIt04, MPOBOJa, MUJUIMMETPOBAsi Oymara.

Teoperuuyeckue cBeICHUA.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx



MO-26 02 05- OOf.11.13 KMPK BIrAP® ®I'60Y BO «KI'MY»

DOUBMKA | C.24/46

[Ipu 3aMbIKaHUH JIEKTPUYECKOM LIETIH HA €€ YYaCTKE C CONPOTUBICHUEM R,
tTokoMI, HanpsbkeHueM Ha koHuax U mpousBoautcs paborta A:
A=1Ut=I'Rt= U*/R
Benuuuna, paBHas OTHOIIEHHIO pPabOThI TOKA KO BpPEMEHHU, 3a KOTOpPOE OHa
COBEPIIIACTCS, HA3bIBACTCS MOITHOCTHIO P: P=A/t.
CnengoBaTenbHO,
P=IU=I’R=U%R (1)
Amnanu3 BeipakeHus (1) yoexmaeT Hac B TOM, 4TO P — GyHKIMS 1BYX EPEMEHHBIX.
3aBucumocTh P oT U MOXHO HCCIIeI0BATh IKCIIEPUMEHTAIBHO.
Iopsinok BbINOJIHEHNSI PAa0OTHI.
1. Onpenenuts 1EHY JIEICHUS IKAIbl U3MEPUTEIBHBIX TPUOOPOB.
2. OMMETPOM U3MEPUTH COMTPOTUBIIEHNUE HUTH JIAMIIbI [IPX KOMHATHOM TEMIIEpATypE.
3.CocTaBUTh SJEKTPUUYECKYIO IIEMb MO0 CXeMe, U300paKeHHOM Ha PUCYHKE,

coOJIr0/1as1 MOJISIPHOCTH TPHUOOPOB.

T O

4 ITocne mpoBEpKH LIENH MPENoJaBaTesieM K04 3aMKHYTh. C TOMOIIBIO peocTaTa
YCTaHOBUTH HAaUMEHbIIIEE 3HaUCHHE HaNpsikKeHUs. CHATh MOKa3aHUsl U3MEPUTEIbHBIX
pruOOPOB.

5.IloctenenHo nepemeniasi MOJA3yHOK peocTaTa, CHATh 8—10 pa3 nokazanus
aMIIEpMETpa U BOJbTMETPA.

6./11s1 Kaxxoro 3HaYeHUs HanpsbKeHUs onpeaenuth MoiiHocTh P=UI, norpebisemyro
JamIoi, conporusienne HUTH Hakaia Rr=U/I

7. Pe3ynapTaThl U3BMEPEHUN U BHIYMCIICHUH 3aUCaTh B TAOJIUILY.

Homep | Hanpsixenue Ha Cuna Toka B MomHocTs, ConporusJienune
ONbITa | 3a’KUMAX JIAMIIBI Jamie norpedasiemast HUTH HAKaJa
U,B LA JaMIou R, Om
P, Br

1.

2.

3.

4.

S.

6.

7.

8.

9.

10.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
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8. IlocTpouth rpaduk 3aBUCMOCTH MOIIIHOCTH, MOoTpedasieMont gammoi P (BT), ot
HanpspkeHus Ha ee 3axkumax U (B). Ilo ocu opimHAT OTKIaAbIBaTh MOITHOCTD B
BaTTax, Ha OCU abCIIMCC — HANIPSDKEHUE.

9. Cnenatb BBIBOJI.
KoHTpoJibHBIE BONPOCHI.

1. KakoB ¢u3nueckuii CMBICT HANPSDKCHHS HA YIACTKE ICKTPUICCKON 1ern?

2. Kakue crnocoOsl ornpeiereHus MOIHOCTH TOKAa BaM U3BECTHBI?

3. Jlamner 200-BatTHas u 60-BaTTHAS, paCCUUTAHBI HA OJTHO HAIPSYKECHHUE.
ComnpoTuBiieHHe, Kakou JaMiibl 0oJibiiie? Bo ckoabko pas

4. MO>HO JIY 110 SIPKOCTU CBEUYECHUS JIEKTPUUECKOM JIAMIIbI CYJIUTh O KOJIMYECTBE
TEITIOTHI, BBIJIEIIEMON B HUTH JIaMIIbl IIPY HATPEBAHUU 3JIEKTPUUECKUM TOKOM?

5. Kak 3aBUCHT KOJIMYECTBO TEIUIOTHI, BBIIEIIEMON B HUTHU JIAMIIbI, OT CHJIBI TOKa?

6. Kakue npeBpallleHHsi SHEPTUU MPOUCXOJNUT B 3aMKHYTOM 3JIEKTPUUYECKON LIETIH?

Mcnonb3syemas nutepaTtypa:
®usuka. 10 knacc. Y4ebHuk. basosbiv 1 yrnybnéHHbIn ypoBHU - Mskuwes [, A., ByxosueBs
b. B., Cotckuit H. H. / MNopa pea. MapdgeHteeBon H. A. 2023 r. (ctp 130-133).

Paspen 3. Tema 3.2.3aKoHbl MOCTOSAHHOrO TOKA.

NabopaTopHoe 3aHsATMEN? 9
Onpeaenenue KM anekTponnnTku

Lenb: Onpegenutb K03OMUNEHT NONE3HOrO AENCTBUS NEKTPUYECKON MINTKN.

McxoaHble AaHHbIe U MaTepuanbl: OnekTpuyeckas nNnuMTka, MeTannmMyeckuii cocyn, Bechl,
pa3HOBECHI, TepMOMETp, BoAa.

KpaTKaﬂ adHHOTaUuA.

KoahpmumneHT nonesHoro 4encTBms aNeKkTPOninTKA BblUcNAeTcs No oopmyrne:

L 1009
A

roe B Yncnuterne onpeaesnieHo Konnm4ecTBo TeNoThbl, Heobxoammoe AN HarpeBaHus
cocyga ¢ Bogou

Qrz_ Ce Mg “3 =T+ CH.“E =11y My

a B 3HaMeHaTene npeacraBrieHa pa60Ta ANEeKTpn4eCKoro Toka
Ay =P

CopgepxxaHue 1 NOpsALOK BbINONMHEHUs paboTbl:

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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1. O3HakoMuTbCA ¢ Npubopamu n 0b6opyaoBaHNEM.
2. Onpegennte maccy cocyaa, B KOTopoM ByaeT HarpeBaTbCa BOAA Ha MAUTKE Mc
3. HanenTte B MeH3ypKy BoAbl 1 onpegennTte ee Maccy ms
4. N3amepbTe HavanbHyto TeMmnepaTypy Boabl t1
5. PaccmoTpuTe HagnNuchb Ha 3neKkTponinTke 1 3anuwmTte B Tabnuuy HYXXHO BaM BENNYMHY.
6. NocTaBbTe cocyq C BOAOW Ha SNEKTPONSIUTKY U BKIOYUTE €€ B CeTb.
7. NoBeguTe BOAY OO KUNEHUS U 3aceknTe Bpems t, kKoraa Bofa Havyana KuneTb.
8. N3amepbTe KOHEeYHY TemnepaTtypy Boabl ta.
9. Bbeluncnute no popmyne KoadpPUUNEHT NONE3HOrO 4ENCTBUA INEKTPONMINTKMN.
10. Pe3ynbTaTt M3MepeHui 1 BbIYMCINEHNI 3aHECTN B Tabnuuy.
mg., KI' m,, Kr t,°C C.. A C,. A P, Br t,c t,, °C | KI1Q
ur -K ur -K
0.046 3 18 880 4187 800 1500 100

BbiBOoa no pabore.

KoHTponbHbIe BONPOCHI:

1. TNodemy onst U3roToBNEHNA HarpeBaTeSbHbIX 3NIEMEHTOB NPUMEHSIIOT MPOBOAHUKN C
6onblWMM yaenbHbIM CONPOTUBIIEHNEM, a AN NOABOAALMNX C ManbIiM?

2. OnpegenuTb NoKasaHWA CHETYUKOB ASIEKTPOIHEPTUN U NO AENCTBYIOLLEMY Tapudy 3a
1 kBT 4, noacuyntTatb CTOMMOCTb 3f1IEKTPO3HEPIMK, pacxogyemon 3a 1 mecsuy (30
AHen) BceMmn npubopamu B KBapTUpe

3. Kakoe konu4ectBo TennoTbl HEO6X04MMO AN pacnnaBneHna MegHoro NpoBoaa
anvHon 10 m, conpoTuenexdnem 17 MmOM, HaxoasLierocs npu temnepatype 0°C

4. OnpegenuTe pacxod 3HEPrUn B 3NIEKTPUYECKON namne, BKoYeHHOM Ha 10 MUHYT B
ceTb ¢ HanpsbxeHuem 127 B, ecnv cuna Toka B namne 0,5 A.

5. Cuna ToKka B NasanbHWKe, BKMOYEHHOM B CeTb C HanpshxeHnem 220 B, pasHa 1,1 A.
Onpepgenute conpoTuBreHe NasanbHUKa N pacxon aHepruun, Heobxogmmon ans
nasinbHUKa 3a 15 MUHYT.

Mcnonb3yemas nutepartypa:
INnutepatypa: J1.C. XXgaHos I'.J1. XXgaHoB «®usunka» §6.4 — 6.5 ctp. 57; §17.1 — 17.2 c1p.
181

Paspen 3. Tema 3.3 dnekTprMyecKkuin TOK B pasfiMiHbIX cpeaax

NNa6opartopHoe 3aHATMEN?e 10
OnpeaeneHne TepMuyeckoro koadpcpuumeHTa conpoTUBNEHUsa Meam

Llenb: onpegenntb cpegHee 3Ha4YeHne TemnepaTypHoOro KoaduumneHTa conpoTuseHns
Meauw.

MUcxoaHble fgaHHble U MaTepuanbli: npm6op ana onpenerneHna temnepartypHoro

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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k03 pMLUMEHTA CONPOTMUBINEHUS MEAM, Yalllka C CyXUM FOpHYMM, aBoMeTp (MynbTUMETP),
TEPMOMETP TEXHUYECKMIA, KOMMMEKT NPOBOAOB.

Kpatkas aHHOoTauus.

XapaKTepucTmkomn nNpoBOAsLLMX CBOMCTB MaTepuana npoBogHuKa aBnseTcs yaensHoe
COMpOTUBIEHNE, T.€. CONPOTUBIIEHME NPOBOAHMKA, UMEIOLLLEro NonepeYyHoe ceyeHne,
paBHOe efuHWLe nnowaamn, n AnuHy, paBHyo eguHuue onvHbl. Ecnv npoBogHUK ©
yaenbHbIM CONPOTUBMEHMEM P MMEET No BCeW AnnHe | oanHakoBoe ceveHne S, TO ero
COMpOTUBNEHNE MOXET ObITb NOACYMTAHO NO cbopM}/ne

R=p—
P S
YnenbHoe conpoTUBMEHe NPOBOAHMKa 3aBUCUT B 06LLEM Crlydae OT MHOMUX
¢hakTOpOB: TEMMNEpPaTypbl, MEXaHNYECKMX AedhopMaLniA, HANPSXKEHHOCTMU MarHUTHOTO MO,
B KOTOPOE NMOMELLEH NPOBOAHMK, M T.M. 3TN 3aBUCUMOCTM LLUMPOKO UCMONb3yeTcs B

VI3MepVITeJ'IbHOl7I TEXHUKE N aBTOMaATUKe.
B atom cny4yae cbopmyna Ang onpeaenedHnss ConpoTuBrneHna UMeeT Bna.

R, =R, [1+0u(z;~1,)]
3HayeHnsa a He ABNAKTCH NOCTOAHHBIMU U U3SMEHSAITCA C U3MEeHEHUEM TemMnepartypbl,

OHaKO B HEKOTOPbIX TEMMNEPATYPHbIX MHTEPBaax 3ToT KO3 (ULUNEHT MOXHO
XapakTepu3oBaTb CpedHMM 3HaYeHMeM TeMnepaTypHoro koaddmumneHTa.

MpumeHsiembln B paboTe npubop (puc. 1) ans 3 5
onpenenexHns TemnepaTypHoro KoadguumneHta

Megu cocTouT u3 Katywkun 1. Katywka npeacrasnser [\[[D
cobon KapTOHHbLIN KapKac 2, Ha KOTOPbIA HaMOTaH [ 7 I

Me[HbIM NPOBO C NakoBon nsonaumen. KoHubl
NpoBoAa BbIBEAEHbI K 3aKMMaM 3, YCTaHOBEHHbIM
Ha nracTmaccoBou konoake 4. B aTon konoake
3aKkpenneHa cTekrnsHHas npobupka, B KOTOPYHO _\\&
BCTaBIIEH KapKac KaTywkn. CBepxy B KONOAKe
nmeeTca oTBepcTue 5 ans TepMmomeTpa,
N3MepSIOLLIEro TemnepaTypy kaTyLwku. [Nprudop
nomeLLaroT B cocyp ¢ BoAon. B cocyae nmeetcs NS
anekTpuyeckasi cnmpanb C BbiBEAEHHLIM HAaBEPX
knemmamu. lNoacoeanHUB SNeKTpUYEeCKyo cnmparsb K

4

yd

MCTOYHMKY TOKa, HarpeBalT BoAy B cOocyae, \__/
Nepuoanyeckn cuMTbIBasi nokasaHust TepMomMeTpa u
N3Mepsisi OMMETPOM COMPOTUBIIEHME KaTYLLIKW. Puc. 1

CopgepxxaHue 1 NOpsAnoOK BbINONMHEHUS paboTbl:

1. 3anewnTte B cocya Boay Ha 2/3 BbicOTbl cocyaa. BHumaHue: 3anueas Bogy B cocyn,

npUMUTE MepPbI K TOMY, YTOBbI BOga He nonana BHyTPb Npobupku.

BcTaBbTe B npobupKy TEpMOMETP.

BbikaaB HEKOTOPOE BpeMs, Noka BbIPOBHSAKTCA TeMnepaTtypa BoAbl U KaTyLLKK

npubopa, 3anumTe NokasaHus TepmomeTpa to.

4. N3mepbTe MynbTUMETPOM COMPOTUBNEHUE KaTyLKN Rio, 1 3anuwimTe pesynbTaThl B
Tabnuuy.

5. ToakntounTe cnmpanb K UCTOYHUKY TOKa U YCTaHOBUTE HanpsbkeHne He 6onee 24 B.

w N

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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6. Cnegute 3a noBbllWeHNeM TemnepaTypbl KaTywku. Korga temnepaTypa KaTyLKu
okaxeTca kpaTtHon 10, T.e. it =30, 40, 50 C° namepbTe CONPOTUBIIEHME KaTYLLKMW.

7. PesynbTaTbl U3amMepeHun sanuwmTe B Tabnuuy.

8. Wcnonb3ysa pesynbTaTbl NEPBOro onbita 1 Tpex nocrneayrowmx (ti, Ri), Bblancnnte
AS19 KaXXO0ro onbiTa 3Ha4YeHne TeMmnepaTypHoOro KoaduumneHTa conpoTnBneHus
Meau no dopmyne

R, -At
9. PesynbTaTt n3amepeHui 1 BbIMUCINIEHNI 3aHECTM B Tabnmuy.
Nl £5,C° | R, ,Om| 1,,C° | R ,Om o, o,
n/mo rpax’ rpam’

10.HanguTe cpegHee 3Ha4yeHne TemnepaTypHoro KoaddguumneHTa conpoTuBeHna meam
Q.
11.. HauepTtute rpacuk 3aBucumoctn R oT Temnepatypsl t (B maclutabe).

BbiBoa no pabore.

KoHTponbHbIe Bonpochbl:

1. UT0 Ha3biBaeTCcs TeMnepaTypHbIM KO3MPULMEHTOM CONPOTUBNEHUNA?

2. YpaenbHasa npoBoAUMOCTb NPOBOAHUKA. PU3NYECKUA CMbICTT, €ANHULLI U3MEPEHUS, OT
4Yero oHa 3aBUCUT?

3. KakoBa 3aBMCUMOCTb yAenbHOro CoOnpoTUBIIEHUSI MPOBOAHNKA OT TemMnepaTtypbl? Yem
XapakTepusyeTcsa 3Ta 3aBMCUMOCTb?

4. TemnepaTypHbIA KO3 PULNEHT CONPOTUBNEHUS. UTO OH XapaKkTepusyeT, OT 4Yero OH
3aBucuUT. B kaknx eguHuLax namepsaertca?

5. 3aBucuT N conpoTMBEHNe NPOBOAHMKA OT TeMnepaTypbl? Ecnv 3aBucUT, TO KakoBa aTa
3aBMCUMOCTb? OBBACHUTL PMU3NYECKNIA CMbICIT 3TOMO SBNEHUS.

6. Kak nameHuTca conpoTuBrieHne NPOBOAHUKA C MOBbILLEHNEM TemnepaTypbl 1 novyemy?

7. CpaBHUTb 3aBUCMMOCTb M3MEHEHUS COMPOTUBIIEHNSA METaNNIMYECKMX NPOBOAHNKOB U
ANeKTponnToB OT Temnepatypbl. OGbACHUTL (OU3KKY ABNEHUIN, MOPOXOAOLWMX ITY
3aBMCUMOCTb.

8. NameHnTCa N TemnepaTypHbIn KOIMULMEHT CONPOTUBIEHNS, €CN ONpeaensTb ero rno
yaenbHOMY COMPOTMBIIEHUIO, @ HE MO N3MEPAEMOMY COMPOTUBIIEHNIO?

9. 3aBucuT N TemnepaTypHbIN KOIGPUUNEHT CONPOTMBIIEHNSA OT MaTepmana
COMPOTUBNEHUS.

10. B yem domsnyeckmin cMbiCn CONpPoTMBNEHUs npoBogHnka? OT Yero oHO 3aBUCUT?

11. Hanuwwte n o6bACHUTE MaTeMaTMYECKYHO 3aBUCUMOCTb COMPOTUBNEHNSA OT MaTtepmana
N pasMepoB COMPOTUBIIEHWS.

Ucnonb3yemasa nutepartypa:

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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1 XKpanoe J1.C., XXgaHos I".J1. dusuka. YuebHuk ons cpegHmx cneumnarnbHbiX y4ebHbIX
3aBejeHNN.

2 CHopHuK 3agady no umsmke. YuebHoe nocobre ansa cpegHux cneumanbHbiX y4eOHbIX
3aBsegeHuin./ MNMopg pea. P.A. TnagkoBon.

3 [JoHaykosa P.A. PykoBoacTBO No npoBeaeHuto nabopatopHbix paboT no dumsnke. — M.:
Bobicwas wkona,

Paspen 3. Tema 3.3 dneKkTprMyeckuin TOK B pa3fiMiHbIX cpeaax

NabopaTopHoe 3aHaTMeNe 11
OnpepgeneHune 3NeKTPOXMMMUYECKOro 3KBUBaNeHTa Meau

Llenb: onpegenuTb cpeaHee 3HaYeHne TemnepaTypHOro KoadduumeHTa conpoTUBeHUs
mMeau.

UcxogHble paHHbIe U MaTepuansbl: Beckl ¢ pasHoBeCcaMn, aMnepmeTp, Yacbl, BEHTUNSATOP
HaCTOMbHbIA UIN ANEKTPONIINTKA, UICTOYHMK 3NEKTPUYECcKon aHeprum (Boinpsimmtens BC 4-
12 nnu 6atapesa akkymynaTopoB), peOCTaT, KIoY, MeAHble NNacTuHbI (2 WrT.),
coeMHUTENbHbIE NPOBOAA, ANEKTPONIMTUYECKAs BaHHA C paCTBOPOM MeaHOro Kynopoca,
HaxxgayHast bymara.

Kpatkas aHHOTauus.
[Mpwn pacTBOpPEHUN INIEKTPONMTA NOA BNUSHMEM IMEKTPUYECKOro Nons NponucxoauT
anccoumaumsa MoeKys aNeKTponmMTa Ha NoJIoXKUTENBHO N OTPULATENBHO 3apSXKEHHbIE NOHBbI
(anekTponuTudeckasn guccoumauyus). ANeKTponpoBOAUMOCTb NEKTPONUTOB 0BycrnoBneHa
NOHaMMW.

MpoxoXaeHne 3NeKTPUYECKoro Toka Yepes 3NeKTPoNUT CONpPoBOXAaeTCs BblAeneHmem Ha
aneKkTpoaax BELWEeCTB, BXOASALMX B cOCTaB anekTponuTta. Macca BellecTBa,

BblOENMBLLErocs Npu anekTponunse 3a spems t, Haxogutcs no gopmyne: M=KIt.

FBneHne anekTponn3a HaLumo LWMPOKOE NPUMEHEHME B TEXHUKE M NMPOMBbILLIIEHHOCTMW.
[MprMMeHeHMe anekTponunsa: Nony4YeHne LUBETHbIX MeTanmnoB (O4MCTKa OT NpUMecen -
pacdrHUPOBaAHME); ranibBaHOCTEINS - NOSTyYEHME MOKPLITUI HA MeTansne (HUKenMpoBaHue,
XpOMUpOoBaHue, 305104eHne, cepebpeHne 1 T.4.); ranbBaHoNnacTuka - nonyyeHve
oTCnavBaeMbIX NOKPbITUIA (peNbeHbIX KONUR).

Cop.epx(aHMe n NnopaaokK BbinosiIHeHUA paGOTbI:

12.TwaTtenbHO OYUCTUTL NOBEPXHOCTb MEeAQHOW NNACTUHbI HaXaa4YHou Gymarom u
B3BECUTb 3Ty NNACTMHY C MakCMMarnbHO BO3MOXHOW TOYHOCTbIO.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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13.CobpaTb anekTpu4eckyto uenb no
CXeMe, B3BELUEHHYHO NMAaCTUHKY
COEAVHUTbL C OTpULaTerbHbIM NOIIOCOM
MCTOYHUKA SNEKTPUYECKOWN SHEPTUM:

K B
;-—/-—__-.'l'l"i.__l
14.lMocne npoBepku Lenu npenogasaTtenem, 3aMeTUTb BpeMs No Yacam C CEKyHHOM

CTPEerKoWu, 3aMKHYTb KntoYd. BbICTPO yCTaHOBUTL peocTaTtom cuny Toka 1-2 A.

15.4epe3s 8-10 MUHYT Lenb pasoMKHYTb. [1nacTuHy, cnyXatlyto B OnbiTe KaTo4oM,
BblHYTb, OCTOPOXXHO OMNOSIOCHYTb BOAOW, BbICYLUNTb Nepes BEHTUNATOPOM Un
3MEKTPONMNTKON, TLWaTEeNbHO B3BECUTL 1 ONpeaennTb Maccy BblAenusBLLIENCS Meau.

16.MMo pesynbTatam U3MepeHUn onpeaenuTb SNEKTPOXUMNYECKUI SKBUBASIEHT Meaun No
dopmyrne:

&= —L- 1007 o

17. Pe3ynbTaT naMepeHnin n BblYMCINEHWIA 3aHECTUN B Tabnuuy.

w9 )
: . : =
% : ;| < % %Q ! 2
BT IR S P PO T
5 5 2| 3 S 2 -
I M g: IR ERE
SF .| g5 .| g8g| 8 g ik § 8 & A
EEE EEE SEE|8 |42 |S8Ef |5i8% |8

BbiBOg no pabore.
KoHTponbHbIe BONpPOCHI.

1. YTO HasbIBaKOT ANEKTPONUTUYECKOM Anccoumaumen?

2. Yto Takoe anekTponua?

3. CdopmynupynTte 3akoHbl Papages.

4. TpuBeguTe NpMMepbl UCNONb30BaHNA 3NEKTPONN3a B TEXHUKE U NPOMbILLNIEHHOCTH.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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5. C kakou uenbto MeTannnmyeckme n3aenus NokpbIBaT LMHKOM, XPOMOM, OfTIOBOM,
Hukenem?

6. PaCTBOp COoInMn anga Metanna A0JTXeEH CITYXXUTb 3J1EKTPOJIMTOM OJ14 Hl/IKeJ'IVIpOBaHI/IFI? K
KaKoMy MNoOJII0CYy NCTOYHUKA TOKa HY>XHO NpuncoeanHnTb HUKENmMpoBaHHOE n3genue?

Ucnonb3yemasa nutepartypa:
1 XKpaHoe J1.C., XXgaHos I".J1. dusuka. YuebHuk ons cpegHmx cneumnarnbHbiX y4ebHbIX
3aBejeHNN.

2 C6opHukK 3agady no umsmke. YuebHoe nocobme ansa cpegHux cneumanbHbiX y4eOHbIX
3aBsegeHuin./ MNMopg pea. P.A. TnagkoBon.

3 JoHaykosa P.A. PykoBoacTBO No npoBeaeHuto nabopatopHbix paboT no guaunke. — M.:
Bobicwas wkona,

Paspen 3.Tema 3.4. MariutHoe norne.

NabopaTopHoe 3aHsATME Ne 12
N3yyeHne aneKTpoMarHMTHOM UHAYKLMMN.

Uenb: N3Yy4YnUTb ABJrieHne SﬂeKTpOMaFHMTHOVI MHOYKUUNN.

MUcxoaHble aaHHbIe U MaTepuanbil: MmuniinamMmnepmMmeTp, NCTOYHUK MUTAHUA, KaTYLUKU C
cepagevyHnkammn, MarHnTbl, BbIKItoYaTesib KHOMOYHbIN, COEANHUTENbHbIE npoBsoaa,
MardHnTHaa cTpersika, Komnac, peoctart.

KpaTKaﬂ aHHOTauusA

Cambin BaXHbI dhakT, KOTOPbLIN yAanocb OOHapyXuTb - 3TO TECHas CBA3b MexXay
SNEKTPUYECKUM U MarHUTHbIM nonem. [epBbii war B OTKPbITUN HOBbIX CBONCTB
3NeKTpoMarHuUTHbIX B3aumogencteun caenan M. ®apagen B 1831r. AsneHne
3NEKTPOMarHUTHON MHAYKLMM 3aKMoYaeTCcsa B TOM, YTO B 3aMKHYTOM MPOBOASLLEM KOHTYpe
BO3HMKaET TOK MPpU U3MEHEHUUN YnCra NMHUA MarHUTHOM MHAYKUMW, MPOHU3bIBAOLLMX
NMOBEPXHOCTb, OFPAHUYEHHYIO 3TUM KOHTYPOM.

CopepxaHue u NOpsA[OK BbINOJTHEHMA PaboThbI

1. MpuncTtaBuTb cepaeyHMK K OQHOMY 13 MOMOCOB MOMOCOBOr0 MarHMTa U BOBUHYTb BHYTPb
KaTyLKn, Habngas ogHOBPEMEHHO 3a CTpesikon MmunnmamnepmeTpa (MoxHo 6e3
cepaeydHuka).

2. MNoBTOpPUTL HabNOAEHME, BblABUrast MarHuMT U3 KaTyLLKKW, @ Takke MeHss nontoca
MarHuTa.

3. 3admkcmpoBaTb Cxemy OnbiTa U NPOBEPUTL BbINONHEHNE NpaBuna JleHua B Kaxaom
cny4ae.

4. Pacnonoxutb BTOPYH KaTyLUKy psiAOM C NepBoOw Tak 4Tobbl OHM coBnaganm.

5. BctaBuTb B 06€ KaTyLUKN Xene3Hble CePAEYHUKM, N MPUCOEANHUTL BTOPYHO KaTyLUKY
Yyepes BbIKMNtovaTenb K UCTOUYHUKY MUTaHUS.

6. 3ambikas 1 pasmblkasi knoY, HabngaTb OTKNOHEHUE CTPENKN MUNNMaMnepMeTpa.
7. 3aprcoBaTtb CXeMy OnbiTa 1 NPOBEPUTL BbINOMHEHME npaBuna JleHua.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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BbiBOoAbI No paboTe.

KoHTponbHbIe BONPOCHI:

1. KTO OTKpbIN siBNeHne anekTpoMarHUTHOM NHOYKUMN?

2. CchopmynupoBaTb 3aKOH 3NIEKTPOMArHUTHON MHAYKLUMMW.

3. Ncnonb3ysa npasuso JleHua, ykasaTb HanpasfieHWe TOKa B 3aMKHYTOM KOHTYpe (CM.puc).
4. MarHuTHbIN NoToK. EAMHMLUA marHnTHoro notoka?

Mcnonb3yemas nutepartypa:
CtenaHos C. B.. ®usuka. 10-11 knacc : J1ab. akcnepumeHT : KHura ons yyawmxcs. —
Mocksa : lNpoceeweHne, 2005 (cTp.26-27).

Pasgen 4. Tema 4.1. 3nektpomMarHuTHble konebaHus.

Na6opartopHoe 3aHATMEN213
U3yuyeHune paboTbl TpaHchopmaTopa.

Lenb: n3yunts paboty TpaHcopmaTopa.

UcxoaHble AaHHbIe U MaTepuanbl: TpaHcopMaTop, BbINPSMUTENb, UMEIOLLINIA BbIBOA
perynupyemoro HanpsbkeHusi 8-20 B, aBOMETp LLKOSIbHbIN, peocTaT NON3YHKOBLIN, KITHoY
nabopaTopHbIN, coeanHUTENbHbIE NPOBOAA.

CopepxaHue u NOpsA[OK BbINOJTHEHMA PaboThbI

1. O3HakomuTbCA € Nnpubopamn n obopygoBaHNeM, yCTPOMCTBOM TpaHcdopmMaTopa.
2. CobpaTtb aneKkTpuyeckyto Lenb no cxeme 1.

3. NamepuTb |,U, B nepBrUYHON 1 BTOPUYHON OOMOTKAX.

4. Pe3ynbTaTbl U3MEPEHUIN N BbIYUCIIEHWUI 3aHECTU B Tabnuuy.

Ne MepBnyHas obmoTka BTtopunyHasa obmoTka K.n.Aa.
n/n

U, Iy Py U, I, P,

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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5. [No nony4eHHbIM AaHHBIM paccynTaTb
- Koa(ppuumeHT TpaHchopmauum K TpaHcdopmaTopa. Cxema TpaHcdopmaTopa:

I-cuna ToKa;
U-HanpsixkeHwue;
I, I,- NnoKaXkeT amnepmeTp;

U, , U,-NOKaXeT BONbTMETP; ~6.3 B/@/

-noTpebnsemyro MOLWHOCTb Py
NONe3HY MOLUHOCTb P,, N KOI(PULMEHT NONE3HOro JENCTBUSA:

a) P;=1, x Uy, 6), 6) P,=I, x U,, B) KM= P,/P,

6. OnbIT NOBTOPUTL €LLE TPY pasa, Kaxabl pa3 MeHAs C NOMOLLbIO peocTaTa,
COMpPOTUBIIEHNE HArpy3Kku Tak, YTOObl HAaNPsXXeHne Ha BTOPUYHOM 0OMOTKE MEHSNOCH
npuMepHo Ha 5 B. B kaxxgom onbiTe namepbTe CUy Toka u

HanpskeHne, B NEPBUYHON U BTOPUYHON 0OMOTKaX M BbIYMCINTE KOIPMDULMEHT NONEIHOIO

JENCTBUS.
A;
W,
K

7. Mo nony4YeHHbIM gaHHbIM NOCTPOUTL rpaduk 3asucnumoctu Kr[ tpaHcgopmaTopa oT
nosie3Ho-pacxogyemMon MOLLHOCTH.

8. o ropm3oHTanbHOM OCK OTNOXMUTE MOLLHOCTL B MacwTabe 1cm=0.1 BT, a no BepTukanu
Krad s macwtabe 1cm-10%

BbiBoAbI No paborTe.

KoHTponbHbIe Bonpochbl:

1. Moyemy cepaeyHuKM TpaHCOopMaToOpoB COBMPAOT N3 NNACTUH 3NEKTPOTEXHNYECKON
ctanun?

2. [Noyemy HanpspkeHve N3MepsoT, Npu onpegerieHnn KoadduumeHTa TpaHcdopmauum
npv 3aMKHYTOW BTOPUYHOWN Lienu.

3. Nouemy K1 npumensiemoro B paboTe TpaHcopmaTopa 3HAYUTENBHO HUXE, YEM Y
NPOMbILLIIEHHbIX, 6OMBLION MOLLHOCTU?

4. Y10 Takoe KoadhPuMUMEHT TpaHCcHOpMaLMM U OT YEro OH 3aBUCUT?

5. Ha kakom chunamyeckom npuHUmMNEe OCHOBaHO AencTene TpaHcdopmartopa?

6. Ycnexu anektpudgukaumm B Poccun.

Ucnonb3yemasa nutepartypa:
".A.Maknwes, b.6.byxosues (cTp. 107 4.11)

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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CtenaHoB C. B.. ®usuka. 10-11 knacc : J1ab. akcnepuMeHT : KHura ans yvawmxcs. —
Mocksa : NpocelyeHne, 2005 (ctp.31).

Pasgen 5. Tema 5.1. leomeTpuyeckasa ontuka.

Na6opartopHoe 3aHATMENe14
MNoka3saTenb npenomneHus crekna.

Uenb: onpeaesnnTb NokasaTesib NnpesioMIieEHNA CTeKna.

UcxoaHble AaHHble U MaTepuanbl: CTeknaHHasa nnactvHa ¢ AByMS napanfesibHbIMn
rpaHamn, Gynaeku ¢ NNACTUKOBOW FONOBKON(3LWT), TPAHCNOPTUP, NOABEMHbIA CTOSNUK,
Tabnvua TpUroHOMeTPUYECKUX OYHKLNN.

Kpatkas aHHoTauus

CBeT npu nepexoae 13 ogHON cpeapbl B APYryt0 MEHSIET CBOE HanpaBsreHue, T.e.
npenomMnseTcs.

MpenomneHne o6bACHAETCA TEM, YTO CKOPOCTb PacnpOCTPaHEHUS! CBETA NpW Nepexoae un3
OJHOW cpenbl B APYryo U3MEHSIeTCS U NoAYNHAETCS crneayoLwmnM 3aKkoHaM:

1. MNagaowmin nyd nexaT B 0OAHOM NNOCKOCTU C NepneHanKynsapoM, NpoBeAEHHbIM Yepes
TOYKY NageHus K pasgeny AByx cpea.

2.0THOLEHNE CMHYCa yrna nageHus u cuHyca yrna npenomMnenuns B - sennumHa
NOCTOsIHHas ANs AaHHbIX ABYX Cped U Ha3blBaeTcsl koadpduumeHToM npenomnenms (n),
BTOPOW cpeabl OTHOCUTESNIbHO NEPBON:

n = sinal/sing.

CopaepxaHue 1 NOPAAOK BbINOSIHEHUS paboTbl

1. O3HakomuTbCA € Npubopamu 1 obopyaoBaHNEM.

2. Ha nogbeMHbIN CTONUK NOSTOXNTb pa3BEePHYTYHO TeTpaab Anst nabopaTopHbix paboT. Ha
NNCT TeTpaam nnawwMs NONOXUTb CTEKMSAHHYIO NIIAaCTUHY U KapaHgawom obBecTun e€
KOHTYPpBbI.

3. C gpyroun CTOpPOHbI CTeKa, NOMOXUTb Kak MOXHO Aarnblue Apyr OT gpyra, ABe GynaBku
Tak, YToObl NpAMasn npoxoasiias Yepes HUX He Bbina nepneHavKynspHa o4HOM 13
napannesnbHbIX rpaHen NnacTUHbI.

4. TpeTbio OynaBky pacnosioXnTb MO rpaHn C APYroln CTOPOHbI CTEKNA M BKOSOT €€ TaK,
4TOBbLI CMOTPS BOOMb BCEX OYNaBOK B CTEKIO BUAETb X PACMONOXEHHBbIMU HA OAHOW
NPSAMOWN.

5. Ctekno n 6ynaBku, CHATb U MeCTa HaKOToB OTMETUTb Toukamun 1,2,3. Yepes Toukun 1, 2 un
3 NpoBecCTU NpsAMble 4O NepeceyYeHns ¢ KOHTypamm cTekna. Yepes Touky 2 NpoBeCTU
nepneHavkynsap K rpaHuue AB oByx cpeq Bo3gyx-CTeKo.

6. OTMeTUTb yron nageHns a u yron npenomMmnenns B TpaHCnopTUPOM, U3MEPUTb 3TU YIiibl U
no Tabnuue 3Ha4YeHUn CUHYCOB ONpeaesniuTb CUHYCbl 3TUX YrIOB.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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BapuaHT 2
lMokasaTenb NpenoMneHns cTekna oTHOCUTENBHO Bo3ayxa onpeaensdetca no opmyne:

n=sina/sinf
roe a - yronb nagieHus nyyka cBeTa Ha rpaHb nracTuHbl U3 BO3ayxa B CTEKIO;
8 - yron npenomMneHnsi CBETOBOrO My4ka B CTeKne.

[ns onpegeneHns oTHOLLEHUS, CTOSALLEro B NpaBoun YacTu oopMyIibl, NOCTynakoT
cnegywowmnm obpasom. Nepen TeM Kak HanpaBuTb Ha NIIACTUHY CBETOBOW My4YOK, eé
pacnonararT Ha NMcTe MUNIMMeTpoBon Bymarn (Mnu nucte Gymarum B KNeTKy) Tak, 4TobbI
OoZHa N3 eé napannesibHbIX rpaHern coenana c npeaBapuTenbHO, OTMEYEeHHON NMMHNEN Ha
Oymare. 3Ta NMHUSA YKaXeT rpaHuly pasgena cpef: Bo3ayX - CTEKNO. TOHKO OYNUHEHHBIM
KapaHZaloM NpoBOAAT SIMHMIO, BAOSb BTOPOW NapanfenbHon rpaHu. 3ta NMHUS
n3obpakaeT rpaHvLy pasgena cpef CTeKno - BO3ayX.

Mocne aToro, He cMeLLas NNacTUHbIL, Ha €€ NepBYy NapannenbHy rpaHb HanpaenswT
Y3K1IA CBETOBOW My4OK NoA Kakum-nnbo yrrom K rpaHn. Boonb nagatowlero Ha nnacTtuHy u,
BblLLeALero n3 Heé CBeTOBbIX MYyYKOB KapaHA4aLllOM CTaBAT TOYKN. 1,2,3 1

4. [Nocrne 3Toro f1amnoYky BbIKITOYaOT, NNACcTUHY CHAMAKT U C NMOMOLLbIO NIMHENKN
npoYepYnBaloT BXOOALWMNMN, BIXOAALWNA U NepenoMAEHHbIN nyyun. Yepes Touky B rpaHuubl
pasfgena cpef, BO34yX - CTEKNO, NPOBOAAT NEPNEHANKYNAP K rpaHuue, oTMeYatoT yriu
nageHust a n npenomnenus B. [lanee ¢ NOMOLLbIO LIMPKYSIS NPOBOAST OKPY>KHOCTb C
LEHTPOM B TOYKe B 1 cTpoat npssmoyronbHble TpeyronbHukun ABE n

CBD

Tak kak sina=AE/AB, sin § = CD/BC u AB=BC, 10 popmyna ansa onpegeneHus
nokasaTtens nperioMneHns cTekna nmeeT Bug

n=AE/DC

OnuHy oTpeskoB AE n DC nsmepsoT no munnumeTtposon dymare.

BbiBoabI No paborTe.

KoHTponbHbIe BONpPOCHI:

1. UT0 HasbiBaloT NpenomneHnem ceeta. OTpaxeHnem ceseta?

2. OT yero 3aBUCUT NokKasaTesib NPenoMIeHna?

3. Kak nsmeHsietcs nokasaternb NPefIoOMAEHUs Npu nepexone ceeta n3 MeHee NNoTHOM
cpenbl B 6bonee NNoTHYHo.

4. B kakown cpefe CKopoCTb cBeTa HanbonbLaa?

5. MNpun Kaknx ycnoBnax MOXeT HacTynaTb NOMIHOE OTpaXeHue?

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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Mcnonb3yemas nutepartypa:

CtenaHoB C. B.. ®usuka. 10-11 knacc : J1ab. akcnepuMeHT : KHura ans yvawmxcs. —
Mocksa : NpoceelyeHne, 2005 (cTp.38-40).

A.Mskmwes b.5.byxoBues. 11 knacc (cTp.162).

Tema 5.2 BonHoBble cBOMUCTBa cBeTa

JNa6opaTopHoe 3aHATHE Ne15

OnpepeneHne ANMVHLI CBETOBOW BOJHbI NPU NOMOLM AN PAKLIMOHHON peLueTKn

Uenb paGOTbI: n3yyvyeHune ABneHuns )J,M(bpaKLl,l/ll/l cBeTa N UncCnosib3oBaHME 3TOrNo ABJIEHUA
ana onpeperneHna annHbl CBETOBOW BOJSIHbI B pPa3nnyHbIX YaCcTAX BUOUMOIO CNeKTpa.

Mpubopbl U maTepuransl: AMdpPaKLUMOHHASA peLLETKa; NNocKas LWKana co Wenbko 1
namMna HakanuMBaHusi C MaTOBbIM 3KPaHOM, YKPENMEHHbIE Ha ONTUYECKOWN CKaMbe,
MUIIIMMETPOBas NUHeNKa.

1. TEOPUA METOOA

Andpakumen BonH Ha3biBaeTcsa ormbaHmne BonHamMu npensatcTeuin. MNog npenaTcTBMsaMin
NOHUMAIOTCS pasnnyHble HEOOHOPOAHOCTU, KOTOPbIE BOJSIHbI, B YACTHOCTW, CBETOBLIE, MOTYT
ormbaTb, OTKIOHAACH OT NPSAMOSIMHENHOrO pacnpocTpaHeHns n 3axonsa B obnactb
reomeTpuyeckon TeHn. [iucpakumna HabngaeTcs Takke, Koraa BOSHbl NPOXOAAT Yepes
oTBepcTus, ormbasn ux kpas. Andpakums 3aMeTHO BblpaXkeHa, ecnmn pasMmepbl NPensaTCTBUN
UM OTBEPCTUN NOPSAKa ANUHLI BOSHbI, @ Takke Ha 60MbLINX PacCTOSHUSAX OT HUX MO
CpaBHEHMIO C UX pasMepamu.

Andopakumns ceeTa Haxo4UT NpakTU4eckoe NpUMeHeHne B AN PakUNOHHbBIX peLLETKax.
AndpakyMOHHOM PELLETKOM Ha3bIBaKOT BCAKYIO NEPUOANYECKYIO CTPYKTYPY, BIIMSIOLLYIO Ha
pacnpocTpaHeHne BOSIH TOW Unu nHown npupogel. MNpoctenwasn ontnyeckas andpakunoHHas
pelwéTKa npeacraBndet cobon pag oAMHAKOBbIX NapasiefibHbIX O4eHb Y3KUX Lenen,
pasgenéHHbIX O4MHaKOBbIMM HENpo3pavHbiMy noriocamun. Kpome Taknx npo3payvHbixX
PEeLUETOK CYLLLECTBYIOT TaKKe oTpaxKaTesnbHble AN(PaKkUNOHHbIE PELLETKN, B KOTOPLIX CBET
oTpaXkaeTcs OT napannenbHbIX HEPOBHOCTEN. [1po3payHble ANdPaKUNOHHbIE PELLETKM
0ObIYHO NpeacTaBnsalT cOOOM CTEKNSAHHYIO MNACTUHKY, HA KOTOPOW ariMas3oM C NOMOLLLIO
crneumanbHON OenUTEeNbHON MaLlnHbI MPOYEpPYEHbl MOMNOCh! (LWUTPUXK). ITU LUTPUXU
ABMISOTCA NOYTU MNOSIHOCTBIO HEMPO3paYHbIMN NPOMEXYTKaMU MeXy HENOBPEXOAEHHLIMMU
YaCTAMU CTEKIAHHOW NNACTUHKN — LWenaMn. Yncno WwTpuxos, NPUXOSALLNXCA HA eguHULY
AJIMHbI, YKa3biBaeTcsa Ha pelléTke. MNepnogom (MOCTOAHHON) peléTkm d Ha3biBaeTCs
CyMMapHasi LUiMpuHa O4HOro HeNpPoO3payHoro WTpmuxa noc WuprMHa OQHON NPO3payvHON
LLienn, Kak nokasaHo Ha puc. 1, rae nogpasyMeBaeTCs, YTO WTPUXM N NOSIOChI PpacnofOXeHb!
nepneHauKynsapHO NIIOCKOCTU PUCYHKA.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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M

Puc. 1. lNpoxoxaeHne ceeTa Yyepes UPPaKLUNOHHYIO peLleTKy

OP: J1 — cobupatowada nuH3a, 3 — akpaH gnga HabnogeHna gudpakumMoHHON KapTuHbl, M
— TOYKa CBEAEHMSA NapannenbHbiX nyyen

Ecnu nagatowmn Ha pelweTKy CBET COAEPXKUT BOSTHbI pasnnyHbIX 4SiMH 1A, 2, 3, ..., TO
no dpopmyre (2) MOXXHO noacuymTaTh AN Kaxaon kombuHaumm k , ansa Kotopbix OyayT
Habn4aTbCA rnaBHble MaKCUMYMbl MHTEHCUMBHOCTM CBETA.(p CBOWM 3HAYEHUN yrna
andppakumm Am

Mpu k =0, T. €. B HAaNpaBreHUn, CTPOro NepneHANKYNSPHOM MAOCKOCTM PELLETKN,
YyCUNMBAOTCS BOJSHbI BCEX ANMH. DTO Tak Ha3blBaeMblIi CNEKTP HyreBoro nopsigka. [isa
3Haka, +k 0 coOTBETCTBYIOT ABYM CMCTEMaM AUPPAKUMOHHBLIX CMIEKTPOB, PACNONOXEHHbIX
CMMMETPMYHO MO OTHOLLIEHWUIO K CMIEKTPY HYNeBOro nopsiaka, crieea v cnpaea oT Hero. MNpu
k = 1 cnekTp HOCUT HasBaHWe CrneKkTpa NepBoro nopsiaka, Npyu k= 2 nony4yaeTcs CcnekTp
BTOPOro nopsiaka v T. 4.

Ha TéMHOM d)OHe MOXXHO BMOETb CUCTEMY OTAOEJIbHbIX APKNX NNHWI OOHOrO LUBeTa, u3
KOTOPbIX KaXaad COOTBETCTBYEeT CBOEMY 3HAYEHUIO A KapTI/IHa, BO3HMKaAKOLWAA Ha 3KpaHe B

crnyyae MOHOXpPOMaTUYECKOro CBETa, T. €. CBeTa, XapakTepmnsyemMoro ogHoun onpeaenéHHomn
OIMMHOW BOJIHBbI.

| | 0

4 k=-1 k=0 k=2

Il
|
[

Puc. 2. Bua kapTuHbl, Nony4YaeMon ¢ NOMOLLbI ANdpakuMOHHOM peLUeTKU:

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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a) cnyyam MOHOXpoMaTU4eckoro ceeta, 6) cnyyan 6enoro ceeta HabnogaeTcsa HyneBoun
MaKCUMYM, SBNAIOLLMNCS LEHTPOM ANGPAKLUMOHHOM KapTUHDI.

Mpn k =1 no obe CTOPOHbI OT HYNEeBOro Makcumyma OyayT MakCUMyMbl NEPBOro
nopsgka: npu k=2 - MakCMMyMbl BTOPOro rnopsiaka u Tak Janee.

CnocobHocTb AndpakUMOHHON PELLETKN pasnaratb CBET B CNEKTP UCMOMb3YIOT Ha
NPaKTUKN 15 NOMyYeHUs n uccriegoBaHus CrnekTpos.

Llenbto gaHHom nabopaTtopHon paboTbl ABNSETCA onpeaenenne OnnHbl CBETOBLIX BOSTH B
pasnnyHbIX 0651acTaAX cnekTpa npy NnomoLm AndpakunoHHon peLéTkn. Cxema yCTaHOBKM
nokasaHa Ha puc. 3.

OnpepneneHue ANWHblI CBETOBOM BOMHbLI C NOMOLLLIO
AndpakUMOHHOW peLUéTKMN

i 10016 w igh o

| [T (oo e I| oo |l

EEEEEEENI
~ @® Cnektp
,'\ O KpacHslit
POCCTE)FIHMG oT R= 50 M !w enéHbIi
PELETKIM AD o
SKpAHa CHHHA
O ®uoneTosbiil

Puc. 3. Cxema nabopaTopHOM yCTaHOBKM

a¥=m,
X , OTKyJa
A= d-y
k-x _

2. NOPAAOK BbIMOJIHEHUA PABOTDI

1. YcTaHoBUTE, Kak NokasaHo Ha puc. 3, WKany ¢ oTBepcTMemM A Ha OOUH KOHel|
ONTUYECKOW CKamMbM BONN3M OT NamMmnbl HaKanuMBaHus S, a ANPAKLUMOHHYIO PELLUETKY — Ha
Apyroi eé KoHel,. Bkntounte namny, nepea KOTOPOW HAaXoAUTCA MaTOBbIN 3KpPaH.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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2. MNepeppuras pelwéTky No ckambe, gobenTtech, YTOObI KpacHasi rpaHnLa NPaBoro
cnekTpa nepBoro nopsigka (k = 1) coBnana ¢ Kakmm-nmbo uenbiM geneHnem Ha wkane k.

3. Mcnonb3ysa NnuHenky, namepbTe pacCTosHME X OS5 3TOro crnyyasi.

4. lNMpopgenanTe Te xe onepaunn Ans oMoneToBon rpaHuLbl NMPaBoro cnekTpa nepBoro
nopsiaka u aAnga cepeauHbl 3eNEHOro yyacTtka, pacrnosioXXeHHOro B cpeHen YacTtun cnekrpa (B
AanbHerwem aTa cepeauHa byaeTt Ansa KpaTtkoCcTu Ha3bIBaTbCsA 3ENIEHON NIMHUERN).

5. AHanorn4Hole n3amepeHns npogenanTte 4ns neBoro cnekrpa nepsoro nopsagka (k 1).

YyTuTe, 4TO ANd NeBbIX CNEKTPOB ntoboro nopsiaka k < 0 n M COOTBETCTBYIOT
oTpuuaTenbHble 3Ha4YeHUs Y.

6. Te xxe camble onepaunn npogenanTte AnNa KpacHoM 1 (oMoNeToBOW rpaHuL 1 Ans
3eNEHON JIMHUK CNEKTPOB BTOPOro nopsiaka.

7. Pe3ynbTaT MU3BMEPEHUIN U BbIYUCIIEHNIA 3aHECTM B Tabnuuy

CnekTp namnbl Iy Al
k | x,cm | y, cm Xi, HM < } M = <;“)7\,—i HM < >
HakanmBaHusd HM ’ HM
1 30 2 667 49
KpacHas
1- 27 2 741 716 25 25
rpaHuua
2 27,5 4 741 25
1 43 2 465 17
duoneTosas 1- 42 2 476 6
483 15
rpaHuua 2 39 4 513 30
2— 42 4 476 6
1 39 2 513 40
3enéHas 1- 36 2 556 3
553 20
NMUHWSA 2 34 4 588 35
2— 36 4 556 3

4. KOHTPOJIbHbIE BOMPOCHI

1. B 4éM cocTouT ABMNeHne audpakuumn 1 koraa andpakumsa Hanbonee 3aaMeTHO BbipaxeHa?

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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2. Yto Takoe andpakumMoHHasa peLléTka n ansa Yero nogodHble peLeTkn NCnonb3yrTes?
3. YTo 06bI4HO NpeacTaBnseT cobor npo3pavyHas gudpakLnMoHHas peluéTka?

4. KakoBO Ha3zHa4eHMe NUH3bI, ICNONb3yeEMOWN BMECTE C ANpaKLNMOHHON peLLéTKon? YTto
CNY>XUT NIMH30M B JaHHOW paboTe?

5. Noyemy npu oceelleHnn 6enbiM CBETOM B LIEHTPAribHON YacTu ANpakLNOHHON KapTUHbI
BO3HWKaeT 6enas nonoca?

Tema 5.2 BonHoBble cBOMUCTBa cBeTa

INa6opaTtopHoe 3aHATHME N216
HabnopeHne cnekTpoB nany4veHue

Lenb: npoHabniogaTtb NMHeyaTble CNEeKTpbl BOAOPOAA M renus, AaTb XapaKTepucTmky
CMEKTPOB.

UcxoaHble fgaHHbIe U MaTepuanbl: cnekTpanbHble Tpybkn ¢ H n He, nctouHmnk-cnekTp 1,
NCTOYHUK NUTaHKUSA, LUTAaTUB, COEANHUTENbBHLIE NPOBOAA.

Kpatkas aHHoTauus:

B 06bIYHbIX YCIIOBUAX BELLECTBO B ra3006pasHOM COCTOSHUMN ABNAETCA N30NATOPOM,

TaK Kak aToOMbl U MOSEKYrbl, ABASOTCA HeUTpanbHbIMU. HO ra3 MOXHO caenaTtb
NPOBOAHMKOM NpU onpeaeneHHoM noHuaatope. NpoxoxaeHne Toka Yepes ra3 HasblBaeTCs
rasoBbIM Pa3psiAoM.

FBneHne NpoxoXaeHUsa SNeKTPUYECKOro Toka Yepes ras, Habnogaemoe TonNbko nNpu
yCrOBUM Kakoro-rimbo BHeLLHEro BO34eNCTBMUS, Ha3blBaeTCA HECAMOCTOATENbHbIM.
ABneHne NpoxXoXaAeHUs Yepes ras ANIEKTPUYECKOro ToKa, He 3aBUCSLLENO OT AEeNCTBUN
BHELLHMX NOHM3aTOPOB, Ha3blBAETCHA CaMOCTOSATENbHbLIM pa3psaaoM.

B 3aBMCMMOCTIN OT CBOMCTB U COCTOSIHUM ra3a, Xxapakrepa 1 pacnosfioXXeHNsa aNekTpoaos, a
TakKe OT NPUSTOXKEHHOIO K 3MeKTpodaM HanpsiKeHne BO3HUKAKT pasfiMyHble Buabl
CaMOCTOATENBHOIO pa3psia B rasax

Mpy HU3KNX AaBneHusax (gecatble U coTble A0NM MM. PT. CT.) B TpyOKke Habntogaetcs
Tnetowmn paspag. Npun atom Bes Tpybka, 3a UCKIOYEHNEM HEDOMNbLLOrO y4acTka BO3ne
Katoaa, 3anofHeHa O4HOPOAHbIM CBeYeHneM. B 3aBMCMMOCTM OT rasa, 3anosfHsoLwero
TpyOKy, cBeYeHne HabnogaeTcs LUBeTHbIM. Takne rasopaspsigHble Tpybkn 4acto
ncrnonb3yeTcs aAns oPopMIeHns pekram.

CopaepxxaHue M NOPAAOK BbINOMIHEHUS PaboTbl:

1. O3HakoMmuTbCs € npubopamn n obopygoBaHNEM.

2. MNogkniounTb cnekTpanbHble TPYOKM K MCTOUHMKY NMUTaHUS cnekTp-1.

3. MopgaTtb HanpsikeHne (8B-10B).

4. HabnogaTtb NMHenyaTble CNekTpbl BOAOPOAA, a 3aTeM renus.

5. Onucatb uBeTa CNekTpoB BOAOPOAA U renns B CTPOron NocrneaoBaTenibHOCTH.
6. PaccmoTpeTb CnekTpbl CKBO3b FpaHy CTEKMSIHHON NNAaCTUHbI.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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7. 3apucoBatb Hanbonee sipkue NMHUN CNEeKTPOB BOAOPOAA U renusi.
8. [laTb onpeneneHust BCex BUOOB CNEKTPOB

BbiBOoAabI No paboTe.

KoHTponbHbIe BONpoChI:

1. YUTO Ha3bIBalOT ra3oBbLIM pa3psaom?

2. Kakne rasosble pa3psaibl Bbl 3HaeTe?

3. MNpu Kaknx ycrnoBmsix MOXXHO HabngaTb KOPOHHbIN pa3psan?
4. 'ge MOXXHO HabnaaTb UCKPOBOW pas3ps

5. NpuBeanTe NpuMepbl NPUMEHEHUIN INEKTPUYECKUX pa3paaoB?

Ncnonb3yemasa nutepartypa:
".A. Makmwes b.5. byxoBues (1 4.cTp.331).

Tema 7.2 3Bonwouna BceneHHon

NabopaTopHoe 3aHaTMENe 17

M3yuyeHune 3Bé3gHOro Heb6a ¢ NOMOLWbLIO NOABUXHOMN KapTbl 3B€34HOro Heba

Llenb: N0O3HaKOMUTLCA C NOABWXHOW KapTon 3B€34HOro Heba, HayunTbCcs onpeaensTb
yCnoBusi BAANMOCTWN CO3BE3ANN HAYyYMTbCs ONpeaensaTb KOopauHaThl 3Be3[.

McxoaHble AaHHbIe U MaTepuanbl: NOABMXKHAsA kapTa 3Be3aHoro Heba.

Kpatkas aHHOTauus.

Bug 38€34HOro Heba M3MeHsieTcsl U3-3a CyTOYHOro BpaweHus 3emnun. MiameHeHune Buaa
3B&34HOro Heba B 3aBUCMMOCTUN OT BPEMEHW rofa NpoMcxoauT BCreacTBme obdpaleHus
3emnun Bokpyr ConHua. PaboTta noceseHa 3HakOMCTBY CO 3BE€34HbIM HEOOM, peLleHnto
3aQad Ha yCcrnoBusi BUOUMOCTW CO3BE3ANI N onpeaeneHnn nx KoopanHar.

Ha nogswxHou kapTe:

3B€3/bl MOKa3aHbl YEPHbLIMK TOYKaMU, pa3Mepbl KOTOPbIX XapakTepuayoT APKOCTb
3BEé3[;

TYMaHHOCTN 0003HaY€eHb! LUTPUXOBLIMW JIMHUSIMU;
CeBEpPHbIV MNONKC MUpa U306paxKeEH B LIEHTPE KapThl,

NMHUK, UCXOASLLME OT CEBEPHOro nosoca Mupa, NokasbiBatoT pacnofioXeHne Kpyros
CKINOHeHus1. Ha 3B&€3gHon KapTe Ansa AByX Gnukanwmnx KpyroB CKIOHEHWs YrioBoe
paccTosiHMe paBHoO 1 y;

HebecHble napannenn HaHeceHbl Yepe3 30°. C nx NOMOLLbI MOXHO NMPON3BECTH
OTCYET CKNoHeHune ceeTun o;

TOYKWN NepeceyveHnst IKNUNTUKN C IKBATOPOM, AN KOTOPbIX NpsiMoe BocxoxaeHne 0 n
12 4., Ha3bIBalOTCHA TOYKaMn BeceHHero g U W paBHOOEHCTBUN;

no Kpato 3Be3HOM KapTbl HAHEeCEeHbl MeCdLlbl U YNCI1a, @ Ha HaKNagHOM Kpyre — 4achil,

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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e 3EeHUT pacnonoxeH B6nM3mM LeHTpa Bbipe3a (B TOYKE NepeceyeHnst HUTw,
n3obpaxkatoLlen HebecHbI MepuamaH ¢ HebecHOW napannenbto, CKNOHEHE KOTOPOW
paBHO reorpadMyeckon LWMpoTe MecTa HabnoaeHus).

e [1ns onpeneneHnst MeCTONonoXeHnss HebecHoro ceeTuna HeobxoanmMo Mecsu, Y1Cno,
yKaszaHHOe Ha 3BE€34HOM KapTe, COBMECTUTb C YacoM HabnaeHnsa Ha HaknagHoM

Kpyre.

HebecHbi akBaTOp — G0onbLLON KPYr HeGecHon cdepbl, NNOCKOCTb KOTOPOro
nepneHavKynapHa ocn Mupa u coBnagaeT C NOCKOCTbIO 3eMHOro akBatopa. HebecHbIn
3KBaTOp OenuT HebecCHyto cdepy Ha ABa NonyLwapus: ceBepHoe nonyliapue, ¢
BEPLUMHON B CEBEPHOM MOMOCe MUPa, U KXXHOE nonyliapue, ¢ BEPLUNHOM B HXXHOM
nontoce Mmmnpa. CosBesans, Yepes KoTopble NPOXoaUT HEGECHbIN aKBATOp, Ha3biBatoT
aKBaTOpuanbHbiMW. PasnuyatoT co3Be3ams toxHble U ceBepHble. Co3Be3ansa CeBepHOro
nonywapusa: bonbwaga n Manas Megseguubl, Kaccnones, Lleden, OpakoH, Jlebenb,
Jlnpa, Bononac u ap. K toxxHbim oTHocsaTca KOxHbIn KpecT, LleHTaBp, Myxa, >KepTBEHHUK,
FOXHbIN TpeyronbHuK.

Montoc mmpa — Toyka Ha HebeCcHoW cpepe, BOKPYr KOTOPOW NPOUCXOAUT BUOAUMOE
CYTOYHOE [BMXEHMNE 3BE3 U3-3a BpaLLeHns 3emnm BOKpYr cBoen ocn. HanpasneHue Ha
CeBepHbI NOMKOC MUpa coBnagaeT ¢ HanpaBneHMeEM Ha reorpaduyecknin ceeep, a Ha
KOXXHbIN Nontoc Mnpa — ¢ HanpaeneHnem Ha reorpaduyecknin tor. CeBepHbIn NOSOC
Mupa HaxoamTcsa B cosse3ann Manon Megseguubl ¢ NONISSPUCCMMON (BUANMAs sipkasi
3Be3[a, Haxoaswasca Ha ocu BpawleHnsa 3emnun) — MonapHon 3Be340W, FXHbI — B
co3pe3gmn OKTaHT.

TyMaHHOCTb — y4aCTOK MEX3BE3HOW cpe/bl, BbIAENAOLLNNCA CBOUM U3NYYEHUEM
UIn NornoLeHnemM nsnyyeHus Ha obwem ¢goHe Heba. PaHee TymaHHOCTAMM HasbiBanm
BCSAKNIN HENOABWXHbBIN Ha HEGEe NpOTsKEHHbIN 06bekT. B 1920-e rogbl BIACHUOCH, YTO
cpeav TYMaHHOCTEN MHOrO ranakTuk (Hanpumep, TymaHHocTe AHgpomeabl). Mocne
3TOro TEPMUH «TYMaHHOCTb» CTasn NoHMMaTbcsa 6onee y3ko, B yka3aHHOM BbilLE CMbICHE.
TyMaHHOCTW COCTOAT U3 MNbIfK, rasa v nnasmbl.

AKknunTrMka — BonbLUOK Kpyr HebecHon cdepbl, MO KOTOPOMY MPOUCXOANT BUOMMOE
rogudHoe asmxeHne CornHua. MNnockocTb aKMMNTUKN — MAOCKOCTb 0bpalleHnsa 3emnm
Bokpyr CornHua (3emMHon opbuTsbl).

B 3aBucumocTn ot mecTta HabnogaTensa Ha 3emne MeHseTcs BuA 3Be34HOro Heba um
XapakTep CyTo4HOro AsmxeHus 3se3n. CyTouHble NyT CBETUI Ha HebecHom cdepe —
3TO OKPY>XHOCTW, NNOCKOCTU KOTOPbIX NapannenbHbl HeGecHOMy 3KBaTopy.

PaccmoTpum, Kak nameHsieTcs Bua 3Be3gHoro Heba Ha nontocax 3emnu. Montoc —
3TO Takoe MeCTO Ha 3eMHOM Luape, rae OCb MUpa CoBnaaaeT C OTBECHON NUHUEN, a
HebeCHbIN 9KBaTOP — C rOPU3OHTOM.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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[na HabniogaTens, HaxoasLwerocs
Ha CeBepHoM nontoce 3emnu,
MonsipHas 3Be3ana byaet
pacnonaraTbCs B 3eHUTe, 3BE34bl
OyayT OBUraTbCA MO Kpyram,
napannenbHbiM MaTeMaTU4eCcKoMy
rOPMU30OHTY, KOTOPbIN COBNaaaeT C
HebeCHbIM akBaTopoMm. Npun aToMm
Hag ropusoHTOM ByayT BUAHbLI BCe
3B€3/bl, CKITIOHEHME KOTOPbIX
nonoxutensHo (Ha KOXHom
nostoce, HaobopoT, 6yayT BUAHbI
lopuaonT BCe 3Be3[bl, CKIIOHEHME KOTOPbIX
oTpuUaTenbHO), a NX BbicoTa B
TeyeHue CyToK He bypaeTt
n3meHsTbes. Nepemectumcs B
NpVBbIYHbIE 4151 HAC cpeaHue
LWMpOTbl. 34eCb yXe 0Cb Mupa u
HebeCHbIN 3KBATOP HaKIOHEHbI K
rOpu3oHTY. M03TOMY 1 CyTOYHbIE
nyTu 3B€34 Takke byayT
HaKIMOHEHbI K FOPU3OHTY.
CnepoBaTtenbHO, Ha cpeaHnX
LMpoTax HabnwgaTenb CMoXeT
HabnogaTb BOCxogsaLmne un
3axoaslne 3Bé3abl.

Moo BocxoaoM NoHMMaeTcs
AABNEHne nepeceveHnsi CBETUIIOM
BOCTOYHOM YaCTN UCTUHHOIO
ropu3oHTa, a nog 3axo4aom —
3anagHon 4YacTun 3TOro ropn3oHTa.
Mommmo aToro, YacTb 3B€3[,
pacnonararoLmnXcs B CEBEPHbIX
OKOJIONOSISAPHBIX CO3BE3ANSIX,
Hukoraa He ByayT onyckaTbcs 3a
ropu3oHT. Takue 3B€34bl NPUHATO
Ha3sblBaTb He3axoaawmmn. A
3B€3/bl, PacrnonoXXeHHbIe OKOJI0
KOxHOro nontoca mupa gns
HabniogaTensa Ha cpeaHnx
WwupoTax byayT aBnATbCA
HEBOCXOAALLNMM.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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OTtnpaBumMmcs ganblle — Ha
3KBaTOp, reorpaduyeckas LwmpoTa
KOTOPOro paBHa Hynt. 30ecb OCb
Mupa coBnagaeT c NoslyaeHHON
nuHWen (To ecTb pacnonaraeTcy B
NSOCKOCTU ropM3oHTa), a
HebeCHbIN 3KBaTOP NPOXOANT
yepes 3eHUT.

b
.
.
.
.
.
.
.
.
.
‘

CyTou4Hble nyTu Bcex, 6e3
WCKITIOYEeHUs, 3B8e3[
nepneHanKYNApHbl TOPU3OHTY.
[MoaToMy HaxoasACb Ha aKBaTope,
HabniogaTenb CMOXeT yBUaeTb
BCE 3BE€3[bl, KOTOPbLIE B TEYEHNE
CYTOK BOCXOAAT U 3axX0a4T.
Boobuie, ansa Toro, 4Tobbl CBETUIO
BOCXOAMITIO N 3aX04uIO0, ero
CKITOHEeHMe no abcontTHOM
Benn4ynHe A0KHO ObiTb MEHbLLE,
yem

18] <90°— ¢

[6] =90°—¢ -

Ecnn , To B CeBepHOM nonywapun oHa bygeT aBnATbCS He3axoaaLen
(ansa KOxxHoro — HeBoCXoOsLEN).

Torga o4eBUAHO, YTO T€ CBETUNA, CKNOHEHME KOTOPbIX 6] =90°—¢ , ABNAOTCSA

HeBocxogawmumMmn ans CesepHoro nonywapus (unu Hesaxogsawmmmn ons KOXHoro).

JkBaToOpMuanbHasa cuctema
KoOpAMHaAT — 3TO cucTeMa
HebeCHbIX KOOpAMHAT, OCHOBHOW
NMOCKOCTbIO B KOTOPOW SIBNSIETCS
NIOCKOCTb HEOECHOro aKBaTopa.

AKkBaTopuarnbHble HeGeCHble
KOOpPAWNHATbI:

1. CKnoHeHue (&) — yrnosoe
pacctosiHue ceeTuna M ot HebecHoro
SKBaTOpa, U3MepeHHoe BAOSb Kpyra
cknoHeHus. OBbIYHO BbIpaxaeTcs B
rpagycax, MMHyTax U cekyHaax oyru.
CKrnoHeHne NnonoXnTenbHO K ceBepy
OT HebecHOoro akBaTopa 1
oTpuuaTenbHO K tory oT Hero. O6bekT
Ha HeGeCHOM 3KBaTope UMeeT
cknoHeHne 0°. CKnoHeHne ceBepHOro
nontoca HebecHon cdepbl paBHO +90°

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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CKInoHeHue 10XKHOro nomtca paBHO
-90°.

2. Npssimoe BocxoxaeHUe cBeTuUna
(a) — yrnoBoe paccTosiHue,
n3MepeHHoe BAOMb HebecHOoro
9KBaTOpa, OT TOYKN BECEHHEIO
PaBHOAEHCTBUS A0 TOYKM
nepeceveHns HebecHoro akeaTopa c
KPYrom CKIOHEHMs cBeTuna

CopepxaHue n NopsifOK BbINONTHEHMA paboThbl:

3apava 1.

OnpepgenuTte akBaTopuarnbHble koopamHatel AnbTtampa (a Opna), Cupuyca (a bonbuoro
Mca) n Beru (a Inpbl).

3apava 2. Vicnonb3ys kapTy 3B€34HOro Heba, HanauTe 3Be3ay no ee koopamHaTam: o =
+350; a = 14 6M. 3apga4a 3. OnpegenuTe, kKakon siBnsieTca 3Besga 6 Ctpenbua, ons
HabniogaTensa, Haxoasuwero Ha wupoTe 550 15'. OnpegennTb, BOCXoAdALWEN UNK
HeBOCXOsALEN ABNSETCA 3Be34a ABYMS CNocobamu: ¢ MCNONb30BaHMEM HaKNagHOro
Kpyra noaBuXHOWM KapTbl 3Be3QHOr0 Heba un ¢ ncnonb3oBaHnemM opmyn ycrioBus
BMAWMOCTU 3BE3A.

lMpakmu4eckul cnocob. Pacnonaraem noasmKHbIN KPYr Ha 3Be3AHON KapTe 1 Npu ero
BpaLLEeHUN onpeaensiemM, siBsieTCa 3Be34a BOCXOASALEN UNN 3aX0asLLEN.
Teopemudyekuli cnocob. Vicnonb3dyem opmynbl ycnoesus BmaMmocTu 3se3a: Ecnm , To
3Be3a sIBNsieTCa Bocxoaswen n 3axogawen. Ecnu , 1o 3Bes3ga B CeBepHOM nonyLiapum
aBnsieTca Hesaxogsawen Ecnn , To 3Be3ga B CeBepHOM nonyLapumn SBnsieTcs
HeBOCXOASLLEN.

3apaya 4. YCcTaHOBUTb NOABWXHYIO KapTy 3B€34HOro Heba Ha AeHb 1 Yac HabnwaeHus u
Ha3BaTb CO3BE3Msl, PACMNOSIOXKEHHbIE B KOXKHOM YacT Heba OT ropM3oHTa 4o nostca
MUpa; Ha BOCTOKE — OT rOpM30HTa A0 Nosca Mupa.

3apauva 5. Hantn co3sesans, pacnonoxeHHble Mexay Todkamu 3anaga un ceeepa, 10
oKkTA6ps B 21 yac. [NpoBepuTb NpaBUIbHOCTb OnpeaesieHnst Bu3yasnbHblM HabnogeHem
3B8&34HOoro Heba.

3apayva 6. HanTtn Ha 3Bé€3HOM KapTe co3Be3anst C 0603HAaYEHHbIMU B HAX TYMAHHOCTSIMA
N NPOBEPUTb, MOXHO N UX HabNgaTb HEBOOPYXKEHHbIM rMa3oM rna3oM Ha AeHb U Yac
BbINOSTHEHUS NabopaTopHoM paboThl.

3apauva 7. Onpegenutb, 6yayT nn BugHbl co3se3auns [esbl, Paka. BecoB B nonHoYbL 15
ceHTabpa? Kakoe co3sesaune B 370 Xe BpeMs byaeT HaxoamnTbca BONN3M ropusoHTa Ha
ceBepe?

3apava 8. Onpegenutb, Kakme N3 nepeymcrneHHbix cos3ses3guin: Manaa Measeguua,
Bononac, BosHnunin, Opu1oH - Anga Bawlen WwupoTbl ByayT He3axogawmmn?

3apava 9. Ha kapte 3Bé3gHoOro Heba HanTN NATL NOObIX NePEeYNCIEHHbIX CO3BE3AUN:
bonbwasa Megeeanua, Manas Megseguua, Kaccuones, AHgpomeaa, lNerac, Jlebenb,
Jlnpa, lepkynec, CeBepHas KOPOHa — 1 onNpeaenuTb NPUONMKEHHO HebeCHbIe
KoopamHaTbl (CKNMOHEHME, N NPAMOE BOCXOXAEHNE) a-3B€3 3TUX CO3BE3ANN.

3apaya 10. OnpegenuTb, Kakne cosse3gnd byayT HaxoauTbCcst BONM3N ropu3oHTa Ha
CeBepe, HOre, 3anage n Boctoke 5 masi B NOMHOYb.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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BbiBog no pabore.

KoHTponbHblE BONPOCHI AN 3aKpensieHns TEOpeTM4eckoro matepuana K npakTu4eckomy

3aHaTuio: 1. 2. 3. 4. 5. 6.
KoHTponbHbIe BONpPOCHI.

7. YTo Takoe 3Bé€3gHOe HebO?

8. YT0 Takoe co3se3aua?

9. CKOnbKO Ha cerogHALWHUM OeHb co3Be3anin?

10. nepe‘-IVICJ'IVITb OCHOBHble Cco3Be3audA Ui T1e, KOTopble Bbl 3HaAeETEe.

11.470 Takoe kapTta HebGa?
12.470 Takoe HeBECHbIN aKkBaTOP?

Mcnonb3dyemasa nutepaTtypa:

ActpoHomus. 11 kn.: Yueb, ona obweobpasosaT. y4eb, 3aBeaeHnn / b. A. BopoHuoB-
BenbamuHos, E. K. Ctpayt. — 4-e n3g., ctepeotun. — M.: [lpocha, 2023.

HokymeHnm ynpaensemcsi npoepammHbeiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuu o opuauHasny, xpaHsuemycs e 1C: Konnedx
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  ∆   𝜺   ,     𝒓  и с т


  ±


  𝜺


      𝜺  и с т


  ∆ r


  𝜺


  ∆ 𝒓 ,   О м


  ∆ 𝑰 ,   𝑨


  ∆ 𝑼 ,   𝑩


  𝑼 , 𝑩


  ∆ 𝜺


  𝜺


      𝜺 − 𝑼  𝑰  


  𝜺


  →


  𝝅 ≈ 𝟑 , 𝟏 𝟒


    𝑼 × 𝝅 ×   𝒅  𝟐  𝟒 × 𝑰 × 𝒍


    p  п р ± ∆ p


  𝝅 ≈ 𝟑 , 𝟏 𝟒


  × м


    ( 𝑼 × 𝝅 ×   𝒅  𝟐 )  𝟒 × 𝑰 × 𝒍


    ( 𝑹 × 𝝅 ×   𝒅  𝟐 )  ( 𝟒 × 𝒍 )


    𝑹 × 𝑺  𝒍


    𝝅 ×   𝒅  𝟐  𝟒


  𝒑 ×   𝒍  𝑺


  𝜑


    t  в л а ж


    p 0


  𝝋 =   𝒑    𝒑  𝟎 × 𝟏 𝟎 𝟎 %


    p 0


  𝜑


   г   м  𝟑


   м 3


    к м 3


  ×  10 16


    с м  𝟐

		2026-08-25T08:59:16+0200
	НИКИШИН МИХАИЛ ЮРЬЕВИЧ




